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Article  

Small Scale Channel Modeling in Vacuum  
Tube Scenarios 
Yan Wang, Yinghong Wen and Jie Ren * 

Beijing Jiaotong University 
* Correspondence: renjie@bjtu.edu.cn 

Abstract: In order to meet the requirements of higher economic operating speed, constructing a 
vacuum tube operating environment is an important direction for the future development of ultra 
high speed rail transit technology. Due to the non-stationary nature of wireless channels during ultra 
high speed movement, traditional wireless channel models are no longer suitable for ultra high speed 
train communication systems in vacuum tube scenarios. Existing channel modeling methods cannot 
accurately reflect the wave propagation characteristics. This article is based on the GBSM (Geometry 
based Stochastic Model) modeling method, which abstracts it as a two sphere geometric model from 
the actual scene and simulates the vehicle ground wireless channel model. In the model, obstacles 
encountered on the propagation path of waves are fitted into effective scatterers randomly 
distributed on the surface of a geometric object. The space-time correlation function (STCF), cross 
correlation function (CCF), and auto correlation function (ACF) of the model are derived to analyze 
the time-varying characteristics of the channel. The experimental results indicate that LOS 
components and Doppler effects have an impact on the channel characteristics of the entire system. 
This provides theoretical and technical support for the wireless communication system of the vacuum 
tube maglev system. 

Keywords: vacuum tube; wireless channel; time-varying characteristics; GBSM modeling 
 

1. Introduction 

With the vigorous development of rail transit technology, wireless communication technology 
in vacuum tube environments has also been studied in recent years. However, due to the special of 
vacuum systems, their electromagnetic signals propagate in confined and enclosed spaces. If the 
vacuum tube maglev system uses traditional wireless free wave access, the wireless link between the 
base station outside the vacuum pipeline and the passengers inside the carriage will undergo two 
major penetration fading (metal pipeline and vehicle body), resulting in a sharp decrease in the 
signal-to-noise ratio of the receiving end signal. Therefore, the traditional wireless access method is 
not suitable for the operation of the vacuum tube maglev system. The use of leaky wave system for 
vehicle ground communication is currently a suitable and feasible approach [1]. The leaky wave 
system is used for coupled transmission, and the leaky wave structure is installed at the top of the 
vacuum tube, with its coverage field diffusing and radiating inside the metal cavity. To provide a 
more reliable theoretical basis for the design of communication systems in vacuum tube scenarios, it 
is necessary to establish a MIMO channel model for vacuum tube scenarios and study its time-
varying characteristics. 

Millimeter wave communication systems have the characteristics of large communication 
capacity, good security and confidentiality, high transmission quality, and all-weather 
communication [2]. They can provide highly reliable and low latency data transmission during high-
speed train operation. So currently, 38GHz millimeter wave is used as the communication frequency 
for the vehicle ground communication system. 
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The most commonly used channel model currently is the Geometry based Stochastic Model 
(GBSM), which is based on geometric distribution. The propagation characteristics of waves mainly 
depend on the distribution of scatterers in the channel environment. In order to maintain ease of 
processing, it can be assumed that the effective scatterers of GBSM are all located on regular shapes 
[3]. Reference [4] proposes a single reflection channel model based on geometric distribution, which 
describes a non frequency selective Rayleigh fading channel model but only considers a single 
reflection path. Reference [5] introduces a vertical dimension on this basis and proposes a 3D massive 
MIMO GBSM model, studying the spatiotemporal correlation function and influencing factors of the 
model. Reference [6] proposes a double sphere model, in which scattered objects such as walls and 
floors are randomly distributed on a spherical surface surrounding the transmitting and receiving 
antennas in a closed indoor scene. In this 3D model, both the transmitting and receiving antennas are 
fixed and the mobility of the antennas is not considered. 

Based on the particularity of vacuum tube scenarios (closed characteristics), this paper 
introduces the high-speed mobility of trains and the height difference of transmitting and receiving 
antennas on the basis of [6], proposes a MIMO GBSM channel model suitable for vacuum tube 
scenarios, and studies the time-varying characteristics of the model, providing theoretical and 
technical support for the wireless communication system of vacuum tube maglev trains. 

2. Materials and Methods 

2.1. System Model 

The vacuum tube scenario is different from the normal train operation scenario. In order to meet 
the requirements of higher speed operation, maglev trains travel at ultra-high speeds in low 
mechanical friction, low air resistance, and low noise mode inside the vacuum tube, with a speed of 
up to 1000km/h. Therefore, higher requirements are placed on the communication stability and 
reliability between the train and the ground [7]. But its mobile communication system environment 
is limited to a fixed metal cavity. When electromagnetic waves propagate in tubes, in addition to 
direct radiation, they are also reflected by tube walls and vehicle bodies. The physical structure and 
communication method of the vacuum tube scene, as shown in Figure 1, is a closed environment. The 
leaky wave structure is installed at the top of the vacuum tube, and the receiving end is on the ultra 
high speed maglev train. The communication channel between the two is confined in a limited space. 

 

Figure 1. Schematic diagram of vacuum tube communication scenario. 

Because dipole antennas can form omnidirectional radiation, dipole antennas are used as 
transmitting and receiving antennas to study their radiation patterns, and the dipole antenna is 
placed in a steel material pipeline to study the changes in its radiation pattern. The radiation pattern 
is as follows Figure 2. 
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(a)                                  (b) 

Figure 2. Radiation pattern. (a) Radiation pattern of dipole antenna; (b) Radiation pattern of dipole antenna in 
metal tube. 

All obstacles (scatterers) in the wireless communication environment are located within an 
approximately spherical area centered around the transmitting antenna, and the propagation 
environment is the radiation coverage area of the omnidirectional antenna. Based on a certain statistical 
distribution, the wireless mobile communication system is simplified into a mobile communication 
system with MT transmitting antennas and MR receiving antennas. In the case of a wide propagation 
range, the height difference between the transmitting and receiving antennas can be ignored. However, 
in the narrow space of the vacuum pipeline maglev system, the height difference between the 
transmitting and receiving antennas cannot be ignored. The 3D MIMO GBSM in the established 
vacuum pipeline scene is shown in Figure 3, and its parameters are listed in Table 1. 

 
Figure 3. 3D MIMO GBSM in vacuum tube scene. 

Table 1. Definition of Channel Model Related Parameters. 

Parameter Significance 
D  The distance between the transmitting end and the receiving end 

TO , RO  The spatial position of the transmitting antenna and receiving 
antenna 

CR , TR , RR  Tube radius, length of sphere radius around XT  and  XR  

Tθ , Rθ  The azimuth angle of XT  and XR  antennas 

Tϕ , Rϕ  Elevation angles of XT  and XR  antennas 
υ  The moving speed of XR  antenna 

αT
(ni), αR

(ni)(i=1,2,3) 
 

The departure azimuth from the transmitting end to the Si
(ni) th 

scatterer and the arrival azimuth from the Si
(ni) th scatterer to the 

receiving end 
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βT
(ni), βR

(ni)（(i=1,2,3) 
The departure angle from the transmitting end to the Si

(ni)  th 
scatterer and the arrival angle from the Si

(ni) th scatterer to the 
receiving end 

αR
LOS, βR

LOS Representing the direct path arrival azimuth and arrival elevation 
angle respectively 

ξp−q，ξp−ni，ξni−q， 

ξn1−n2，ξT−ni, ξni−R 

Representing the path lengths between separatelyTp − Rq 、Tp −
Si

(ni)、Si
(ni) − Rq、 S1

n1 − S2
n2、OT − Si

(ni)、Si
(ni) − OR separately 

h  The height difference between the transmitting and receiving 
antennas 

2.2. Model Calculation Method 

The number of antennas TM at the transmitting end and RM at the receiving end can be extended 
to any number, with p and q being the p -th antenna at the transmitting end and the q -th antenna at 
the receiving end, respectively. The sequence number of the antenna satisfies 1 Tp p M′≤ ≤ ≤ ,
1 Rq q M′≤ ≤ ≤ . Multiple reflections can be seen as a combination of single and double reflections. In 
order to reduce the complexity of GBSM, only the line of sight path LOS, single hop path, and double 
hop path are considered. In this model, the antenna at the transmitting end is referred to as XT , and 
the antenna at the receiving end is referred to as XR . There are effective scatterers such as maglev 
train bodies and pipeline walls near XT . There are effective scatterers such as the maglev train body 
and pipeline walls near XR . Assuming 1N  effective scatterers are randomly distributed on a 
spherical surface with TO as the center and TR as the radius, the ( )2 2 21, 2, ,n n N= ⋅⋅⋅ th scatterer is 
denoted as 𝑆𝑆(𝑛𝑛1). Similarly, 2N effective scatterers are randomly distributed on a spherical surface 
with RO  as the center and RR  as the radius, and the ( )2 2 21, 2, ,n n N= ⋅⋅⋅ th scatterer is denoted as 
𝑆𝑆(𝑛𝑛2). A cylinder with radius CR   is used to simulate the effective scatterers of the tube wall, with

3N  effective scatterers, and the ( )3 3 31, 2, ,n n N= ⋅⋅⋅ th scatterer. The scatterer is denoted as 𝑆𝑆(𝑛𝑛3). 
The MIMO fading channel can be represented by a matrix H(𝑡𝑡) = �ℎ𝑝𝑝𝑝𝑝(𝑡𝑡)�

𝑀𝑀𝑇𝑇×𝑀𝑀𝑅𝑅
 in the 

T RM M×  dimension, where ℎ𝑝𝑝𝑝𝑝(𝑡𝑡) is the time-varying channel impulse response between the p -
th transmitting antenna and the q -th receiving antenna, and can be expressed as the superposition 
of LoS, SB, and DB components. That is 

( ) ( ) ( ) ( )LoS SB DB
pq pq pq pqh t h t h t h t= + +                                                 (1) 

Among them, the LoS component, SB component, and DB component are respectively 
represented as, 

( )
2

2 cos cos

1
LoS LoS LoSp q pq R R

j j f tpqLoS
pq

K
h t e e

K

π ε π α βλ −−Ω
=

+
                                        (2) 

( ) ( ) ( ) ( )
( )

( )

31 2

1 1 1 1
1 11 1

1
1

2 2 2 2
2 22 2

2
2

3
3

3
3

2
2 cos cos

1 1

2
2 cos cos

1 2

1 3

1lim
1

1lim
1

1lim
1

SB n n
p n n q R Rn

SB n n
p n n q R Rn

SBSB SBSB
pq pq pq pq

N j j f tSB pq

N n

N j j f tSB pq

N n

N
SB pq

N n

h t h t h t h t

e e
K N

e e
K N

e
K N

π ε ε π α βλ

π ε ε π α βλ

η

η

η

− −

− −

− +

→∞
=

− +

→∞
=

−

→∞
=

= + +

Ω
=

+

Ω
+

+

Ω
+

+

∑

∑

∑ ( ) 3 3 3
3 3 3

2
2 cos cosSB n n

p n n q R Rn
j j f te
π ε ε π α βλ − −+

                               (3) 
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( ) ( )

( )

1 2 2 21 1 2 2 ,1 2

1 2
1 2

31 3 31 1 3 3 ,1 3

1 3
1 3

2
2 cos cos

, 1 1 1 2

2
2 cos cos

, 1 1 1 3

1lim
1

1lim
1

lim
1

n nDBp n n n n q n n R R

n nDBp n n n n q n n R R

N N j j f tDB pqDB
pq N N n n

NN j j f tDB pq

N N n n

DB pq

N

h t e e
K N N

e e
K N N

K

π ε ε ε π α βλ

π ε ε ε π α βλ

η

η

η

− − −

− − −

− + +

→∞
= =

− + +

→∞
= =

Ω
=

+

Ω
+

+

Ω
+

+

∑∑

∑∑

( )3 2 2 23 3 2 2 ,3 2

3 2
3 2

2
2 cos cos

, 1 1 3 2

1 n nDBp n n n n q n n R R

N N j j f t

N n n
e e

N N

π ε ε ε π α βλ − − −− + +

→∞
= =
∑∑

               (4) 

K is the Rayleigh factor of the pq  channel; pqΩ  is the total power of the channel；
1SBη , 

2SBη , 

3SBη , DBη  are the power correlation coefficient， there are 
1 2 3

1SB SB SB DBη η η η+ + + = ; λ  is the 

wavelength of electromagnetic waves. 
Calculate the distance among them： 
The distance between antenna p  and antenna q  ： 

2
2( ) ( cos cos cos cos )

2 2
T R

p q T T R Rt D vt hδ δ
ε θ ϕ θ ϕ−

 = + − − +  
                    (5) 

The distance between antenna p′  and antenna q′  ： 

2
2( ) ( cos cos cos cos )

2 2
T R

p q T T R Rt D vt hδ δ
ε θ ϕ θ ϕ′ ′−

 = + + − +  
                   (6) 

The distance between antenna 
1nS  and scatterer 

2nS  ： 

1 1 2 1 2

1 2

2 2 2( ) cos cos( ) cos cosn n n n n
n n T T R R R T T R Rt D vt R R R R hε α α α β β−    = + − − − + − +     (7) 

The distance between antenna p  and scatterer 
1nS  ： 

1 1 1 1 1

1
( ) (cos cos cos cos sin sin cos sin sin cos )

2
n n n n nT

p n T T T T T T T T T T Tt R δ
ε ϕ θ α β β ϕ ϕ θ α β− = − + +  (8) 

The distance between antenna p′  and scatterer 
1nS  ： 

1 1 1 1 1

1
( ) (cos cos cos cos sin sin cos sin sin cos )

2
n n n n nT

p n T T T T T T T T T T Tt R δ
ε ϕ θ α β β ϕ ϕ θ α β′− = + − −  (9) 

The distance between antenna p  and scatterer 
2nS  ： 

2 2 2 2

2 2

2

( ) ( ) sin sin ( cos cos )cos cos( )
2 ( )

n n n nT
p n T n R R T R R R T T T

T n

t t R D vt R
t

δ
ε ε β ϕ β α ϕ α θ

ε− −
−

 = − + + + −    (10) 

The distance between antenna p  and scatterer 
3nS  ： 

3 3
3 3

3 3 3
3 3 3

3
2 2 2

cos cos
( ) ( ) ( )sin sin ( ) cos cos( )

2 ( ) sin sin cos

n n
n nS T RT

p n T n R n R T T T Tn n n
T n T T T

R
t t t

t
β αδ

ε ε ε β ϕ ϕ α θ
ε β α β

− − −
−

 
 = − + −
 + 

(11)  

The distance between antenna p′  and scatterer 
3nS  ： 

3 3
3 3

3 3 3
3 3 3

3
2 2 2

cos cos
( ) ( ) ( )sin sin ( ) cos cos( )

2 ( ) sin sin cos

n n
n nS T RT

p n T n R n R T T T Tn n n
T n T T T

R
t t t

t
β αδ

ε ε ε β ϕ ϕ α θ
ε β α β

′− − −
−

 
 = + − −
 + 

  (12) 

The distance between antenna q  and scatterer 
1nS  ： 

1 1 1 1

1 1

1

( ) ( ) sin sin ( cos cos )cos cos( )
2 ( )

n n n nR
n q R n T T R T T T R R R

R n

t t R D vt R
t

δ
ε ε β ϕ β α ϕ α θ

ε− −
−

 = − + + + −   (13) 

The distance between antenna q′  and scatterer 
1nS  ： 

1 1 1 1

1 1

1

( ) ( ) sin sin ( cos cos )cos cos( )
2 ( )

n n n nR
n q R n T T R T T T R R R

R n

t t R D vt R
t

δ
ε ε β ϕ β α ϕ α θ

ε′− −
−

 = + − + + −   (14) 
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The distance between antenna q  and scatterer 
2nS  ： 

2 2 2 2 2

2
( ) (cos cos cos cos sin sin cos sin sin cos )

2
n n n n nR

n q R R R R R R R R R R Rt R δ
ε ϕ θ α β β ϕ ϕ θ α β− = − + +       (15) 

The distance between antenna q′  and scatterer 
2nS  ： 

2 2 2 2 2

2
( ) (cos cos cos cos sin sin cos sin sin cos )

2
n n n n nR

n q R R R R R R R R R R Rt R δ
ε ϕ θ α β β ϕ ϕ θ α β′− = + − −       (16) 

The distance between antenna q  and scatterer 
3nS  ： 

3 3 3

3 3
( ) ( ) sin sin cos cos cos( )n n n

n q R n R R R R R R Rt tε ε δ β ϕ β ϕ α θ− −  = − + −                  (17) 

The distance between antenna q′  and scatterer 
3nS  ： 

3 3 3

3 3
( ) ( ) sin sin cos cos cos( )n n n

n q R n R R R R R R Rt tε ε δ β ϕ β ϕ α θ′− −  = + − −                  (18) 

The distance between the center of the sender's circle and the scatterer 
2nS : 

( )2 2 2

2

2 2 2( ) cos cos ( sin )n n n
T n R R R R Rt D vt R R hε α β β− = + + + +                      (19) 

The distance between the center of the sender's circle and the scatterer 
3nS : 

3 3
3

3 3
3 3 3

2

2 2

2 2 2

cos cos
( ) ( sin )

sin sin cos

n n
nS T T

T n R n Rn n n
T T T

R
t h

β α
ε ε β

β α β
− −

 
 = + +
 + 

                 (20) 

The distance between the center of the receiving end and the scatterer
1nS : 

( )1 1 1

1

2 2 2( ) cos cos ( sin )n n n
R n T T T T Tt D vt R R hε α β β− = + + + +                       (21) 

The distance between the center of the receiving end and the scatterer
3nS : 

3 3

3 3 3

3 3

2 2 2

cos cos
sin sin cos

( )
cos

n n
S T T

n n n
T T T

R n n
R

RL vt

t

β α

β α β
ε

β−

− −
+

=                                 (22) 

2.3. Statistical Characteristics of System Models 

In order to more effectively evaluate the performance of MIMO GBSM in vacuum tube 
environments, it is necessary to analyze the spatial and temporal correlations as well as statistical 
characteristics such as Doppler of MIMO channels. 

2.3.1. Space Time Correlation Function 

STCT reflects the correlation between any two antenna elements in the geometric channel model 
inside a vacuum tube in space and time. The spatiotemporal correlation function of any two sub 
channels ( )pqh t and ( )p qh t′ ′ can be expressed as: 

( )
( ) ( )

( ) ( )
( ) ( )

2 2
, , ( 1)pq p q

pqp q T R pq p q

pq p q

E h t h t
E h t h t K

E h t E h t

τ
ρ δ δ τ τ

∗
′ ′ ∗

′ ′ ′ ′

′ ′

 −   = = − + 
   
      

            (23) 

{ }E •  represents mathematical expectation operation; * Representing complex conjugate 

operations. 
Due to the independence of the LoS component and the SB and DB components of the near and 

far scatterers.  
The above equation can be expressed as the sum of STCFs with different components: 

( ) ( ) ( ) ( )
1

, , , , , , , ,i

I
SBLoS DB

pqp q T R pqp q T R pqp q T R pqp q T R
i

ρ δ δ τ ρ δ δ τ ρ δ δ τ ρ δ δ τ′ ′ ′ ′ ′ ′ ′ ′
=

= + +∑ .        (24) 
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Among them, the LOS part can be defined as: 

( ) ( )2
2 cos cos, , =

LoS LOS LOSp q p q pq R R

j
j fLoS

pqp q T R pqK e e
π ε ε πτ α βλρ δ δ τ ′ ′− −−

′ ′ Ω ⋅ ⋅                          (25) 
The SB part can be defined as: 

( )
2

2 cos cos

1
, , = lim

( 1)

i n nSB i iii pq R Ri

i
i

jN SBSB pq j fSB
pqp q T R n ni

e e
K N

π
πτ α βλ

η
ρ δ δ τ′ ′ →∞

=

Ω
⋅

+ ∑                        (26) 

Just: 1 1 1 11 p n n q p n n qSB ε ε ε ε′ ′− − − −= + − − , 2 2 2 2 2p n n q p n n qSB ε ε ε ε′ ′− − − −= + − − , 3 3 3 33 p n n q p n n qSB ε ε ε ε′ ′− − − −= + − − ; 
The DB part can be defined as: 

( )
1 2 2 21 ,1 2

1 2
1 2

31 2 22 ,1 3

1 3
1 3

3 2

2
2 cos cos

, 1 11 2

2
2 cos cos

, 1 11 3

2

,
3 2

, , = lim
( 1)

lim
( 1)

lim
( 1)

n nDB
n n R R

n nDB
n n R R

N N j DB j fDB pqDB
pqp q T R N N n n

NN j DB j fDB pq

N N n n

jDB pq

N N

e e
K N N

e e
K N N

e
K N N

π
π τ α βλ

π
π τ α βλ

π
λ

η
ρ δ δ τ

η

η

−

′ ′ →∞
= =

−

→∞
= =

−

→∞

Ω

+

Ω
+

+

Ω
+

+

∑∑

∑∑
3 2 2 23 ,1 2

3 2

2 cos cos

1 1

n nDB
n n R R

N N DB j f

n n
e π τ α β

= =
∑∑

               (27) 

Just: 1 2 1 21 p n n q p n n qDB ε ε ε ε′ ′− − − −= + − −
, 1 3 1 32 p n n q p n n qDB ε ε ε ε′ ′− − − −= + − −

, 

3 2 3 23 p n n q p n n qDB ε ε ε ε′ ′− − − −= + − −
; 

2.3.2. Time Autocorrelation Function  

The time autocorrelation function reflects the impact of multipath effects inside the pipeline 
from a temporal perspective, reflecting the correlation between signals arriving at the receiving end 
through different paths. By setting 0T Rδ δ= =  in STCT, its expression can be derived. 

2.3.3. Spatial Cross-Correlation Function 

The spatial cross-correlation function studies the impact of the correlation between different 
antenna elements on channel performance from a spatial perspective. When the antenna spacing is 
too small, it can cause channel fading and result in errors. So CCF is also the key to reflecting the 
internal channel performance of pipelines. If 0τ =  in the previous STCT, its expression can be 
obtained. 

2.3.4. Doppler Power Spectral Density  

The movement speed of the ultra high speed train inside the vacuum tube causes Doppler 
frequency deviation, which affects the channel performance. 

DPSD can be obtained by Fourier transform of the time-dependent function ACF, and the 
specific expression is: 

2( ) ( ) Dj f
D pqp qS f e dπ τρ τ τ

∞ −
′ ′−∞

= ∫                                               (28) 
However, due to the different Doppler shifts of the LoS, SB, and DB paths, it is necessary to first 

calculate the ACF and Doppler frequencies of the three paths to obtain the DPSD of the LoS, SB, and 
DB paths, and then composite and stack them. 

2( ) ( ) LoS

LoS

j f
LoS LoSS f e dπ τρ τ τ

∞ −

−∞
= ∫                                            (29) 

2( ) ( ) SBj f
SB SB SBS f e dπ τρ τ τ

∞ −

−∞
= ∫                                              (30) 

2( ) ( ) DBj f
DB DB DBS f e dπ τρ τ τ

∞ −

−∞
= ∫                                             (31) 

( ) ( ) ( ) ( )
LoSD LoS SB SB DB DBS f S f S f S f= + +                                       (32) 
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3. Results and Discussion 

By analyzing the scattering path of the random geometric model of the vacuum pipeline maglev 
system and mathematically deriving its geometric relationship, the expressions of STCT, ACF, CCF, 
and DPSD for the reference model and simulation model of the entire system were obtained. 
However, it is difficult to intuitively see the trend of the autocorrelation function over time or space 
solely based on mathematical formulas. Therefore, in this study, MATLAB was used to simulate the 
obtained mathematical model. 

Based on the channel model proposed in this article, statistical characteristics analysis was 
conducted, and the selected parameters are shown in Table 2: 

Table 2. Channel model parameters. 

Parameter Assignment 
cf  38GHz  

D  500m  
TR , RR  2m  

Tθ , Rθ  / 4π  

Tϕ , Rϕ  / 4π  

1SBη  0.1  

2SBη  0.2  

3SBη  0.3  

DBη  0.4  

As shown in Figure 4, when a certain specific value is taken, the change of has almost no effect 
on the value of CCF. And when a certain value is taken, the change in has almost no effect on the 
value of CCF. This means that the elevation angle of the transmitting and receiving antenna elements 
has almost no effect on the spatial correlation of the channel. 

 
Figure 4. The influence of the elevation angle of the transmitting and receiving antennas on CCF. 

As shown in Figure 5, the purple solid line is the simulation model, and the green solid line is 
the reference model. There is a steep downhill trend as the distance between the rceiving antennas 
increases, followed by a slight fluctuation as the distance between the receiving antennas increases. 
This indicates that the presence of LOS components will have a certain impact on CCF, causing it to 
fluctuate. And the curve trends of the simulation model and the reference model are roughly the 
same, which also verifies the correctness of the simulation model. 
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Figure 5. Trend chart of CCF variation with receiving antenna spacing. 

Figure 6 shows the temporal variation of Doppler power spectrum at different speeds. It can be 
seen from the figure that when v=1000km/h, the Doppler power spectrum is most concentrated and 
has the highest value. When the speed increases to 1400km/h, the energy relatively decreases. When 
the speed decreases to 600km/h, the power spectrum disperses into two clusters and the energy is no 
longer concentrated in one place. This indicates that the speed variation of trains in the pipeline will 
affect the channel performance. 

 

Figure 6. DPSD versus velocity variation graph. 

The definition of the Rayleigh factor K is the ratio of the variance of the LOS path signal to the 
multipath signal, which represents the proportion of LOS in the signal. The larger the value of K, the 
greater the proportion of LOS. So this simulation investigates the impact of LOS components on 
channel correlation by varying the K value. Simulations were conducted on the temporal and spatial 
correlations at K=1, 5, 10, and 20 in the figure. From the Figure 7, it can be seen that the larger the Rice 
factor, the higher the curves of ACF and CCF, so the more LOS components there are, the greater the 
autocorrelation performance of the channel, and as the K value continues to increase, the interval 
between the curves shortens, indicating that this influence is somewhat limited. 
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(a)                                             (b) 

Figure 7. (a)CCF versus Rice Factor Variation Chart;.(b) ACF versus Rice Factor Variation Chart. 

4. Conclusions 

This paper proposes a double sphere stochastic geometry model for the communication system 
of ultra high speed trains in vacuum tube scenarios. By introducing different parameters such as train 
speed and height difference of transmitting and receiving antennas, the channel characteristics of 
STCF, DPSD, etc. are analyzed in detail. Considering the complexity of the algorithm, the model only 
considers three paths: LOS, SB, and DB. Through geometric analysis, the STCF, ACF, CCF, and DPSD 
of the three paths are derived and simulated using MATLAB. The simulation results show that the 
Doppler effect has an undeniable impact on channel performance, and the larger the K value, the 
greater the impact of LOS component on channel performance. Provide theoretical and technical 
support for the wireless communication system of vacuum tube maglev train. 
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