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Abstract: The reasons for the different size of the transmitting power and the different effects of different ground 
forms on the signal power loss are analyzed in detail. A shortwave communication device includes first and second 
carriers are given respectively. With the flexible connecting portion, relative position of the first and second carriers 
can be changed freely to expand the transmission range and enhance the transmission. 

1 Introduction 
In shortwave communication we must use the 1000W 
radio transmitter, because the power of 125W radio is too 
small to meet our needs [1-4]. In the East China Sea, 
125W radio is also fully able to meet the communication 
needs, and most of time we just need turn to 1/2 POWER 
FULL [5-6]. Why do we ask the power of 125W radio to 
be smaller when we are farther away from the seaboard [7-
12]. According to the analysis, we believe that this 
phenomenon is mainly caused by the different multi-hop 
ground reflection loss that is due to the different forms of 
the ground. Here we will explain it from three aspects. 

2 Theory Analyses 

2.1 Short Wave Propagation 

Shortwave communication uses a radio frequency of 1.5 to 
30MHz. Short wave propagation mainly divided into two 
types, ground wave and sky wave. Sky wave can achieve 
long distance communication with ionosphere reflection, 
and ground wave spread along the earth's surface, and the 
surface of the earth is a conductor resistance, when 
traveling waves in it, there is a part of the electromagnetic 
energy is consumed, and with the increase of frequency, 
wave loss increases gradually. Because the ground large 
attenuation on shortwave, so ground wave only a short 
distance. 

So, the spread of shortwave is mainly dependent on the 
sky wave propagation, which mainly depends on the 
ionosphere communication. In this propagation process, 
short wave can be transmitted to the receiver by one hop, 
which means one reflection by the ionosphere. And it also 
maybe pass to the receiver with two hops, which means 
first reflection by the ionosphere, second reflection by the 

ground and third reflection by the ionosphere again. Even 
with three hops or four hops, the short wave can reach the 
receiving end. According to statistics, with three hops are 
the most situations. 

2.2 The Transmission Loss of Shortwave 
Channel 

In the short wave radio transmission, energy loss mainly 
comes from three aspects: 

Propagation loss in free space 
Ionosphere absorption loss 
Multi-hop ground reflection loss. 
The loss of free space propagation is due to the fact 

that the radio waves are gradually moving away from the 
emission point, and the energy is growing in the space, so 
that the electric field strength of the receiving point is 
weakened as the distance increases. 

The ionosphere absorption loss is due to the fact that 
the ionosphere absorbs a portion of the energy during the 
reflection of short wave through the ionosphere to the 
receiving point, and the signal is depleted. The absorption 
loss of the ionosphere is related to the electron density and 
the gas density. The greater the electron density is, the 
more the probability of electrons colliding with the gas 
molecules will become, so the greater the energy is 
absorbed. The greater the density of the gas is, the more 
the number of collisions per electron per unit of time will 
become, so the greater the loss increases. In addition, the 
absorption loss is also related to the frequency of the radio 
wave. The higher the frequency is, the smaller the 
absorption loss will become. The lower the frequency is, 
the greater the absorption loss will become. 

As mentioned above, in the propagation of the sky 
wave, the radio waves need multiple reflections, and in the 
mode of multi-hop propagation (i.e., two or more 
reflections), the propagation loss not only takes into 
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account the fact that the radio waves enter the ionosphere 
twice, but also consider the loss of ground reflection. A 
large number of experimental data show that this kind of 
signal loss due to ground reflection is related to the 
polarization of the radio waves, operating frequency, ray 
elevation and geological conditions. And when the ground 
form is sea water and land, the difference of the surface 
conductivityσ is great. 

It can be seen that in these three aspects of energy loss, 
the first two is not much different in shortwave 
communication of different waters. 

 Considering that the ship is mainly located in the 
marine area, we will do analysis over the land and the 
ocean. Combined with the above analysis, we can 
conclude that the transmission power required for short 
wave communication when the ship is in the sea area is 
smaller than that when the ship drove out the East China 
Sea. This is mainly due to different ground forms, the 
seawater and the land, leading to different multi-hop 
ground reflection loss. 

2.3 The Comparison of the Multi-Hop Ground 
Reflection Losses Caused By Two Different 
Ground Forms 

In the engineering calculation of multi-hop ground 
reflection loss, it can be assumed that the incident wave is 
messy polarization wave, and the energy of radio wave is 
evenly distributed on the horizontal polarization and the 
vertical polarization. According to these contents, the 
formula is calculated as follows [13]. 
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Where VR  denotes the reflection coefficient of the 

vertical polarization, and  HR   is the reflection coefficient 
of the horizontal polarization. 

VR  and HR  can be calculated by the following 
formula: 
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where δ  denotes the Ray elevation, rε  is the Relative 
complex dielectric constant of the ground 

( λσεε 60' jrr −= ), σ  is the Ground conductivity 
( ) 1−•Ω m , and λ  is the Wavelength ( )m . 

Considering that the ship is mainly located in the 
marine area, the ground forms are set to sea water and dry 
soil. The values of and in the case of several ground forms 
are shown in the table below. 

Table 1. The values of rε  and σ  in the case of several ground forms 

Ground form 
The range of values Average values 

rε  σ / ( ) 1−•Ω m  rε  σ / ( ) 1−•Ω m  

Sea water 
Fresh water in 
Rivers or Lakes 
Wet soil 
dry soil 

80 
 
80 
10�30 
3�4 

1�4.3 
 
10�3�2.4×10�2 
3×10�3�2.4×10�2 
1.1×10�5�2×10�2 

80 
 
80 
10 
4 

4 
 
10�3 

10�2 
10�3 

The relevant values are substituted into the formula to 
calculate the multi - hop ground reflection losses in two 
different ground forms of seawater and dry soil, and 
compare them. 

In the vertical direction of the antenna, the angle 
between the maximum radiation direction and the ground 
is called the vertical emission direction or the elevation 
angle of the antenna. The directional pattern of the 
logarithmic cycle antenna is approximately independent of 
the operating frequency. 

Let us suppose that, elevation angle δ �30°, and 

wavelength λ � 30m. The values of rε  and 

σ / ( ) 1−•Ω m  are set to their average values. After 
calculation, it is of the form of sea water. 

 1≈VR , 1≈HR , 1
2
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And in the form of dry ground, it is expressed as 
follows. 
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According to the parameter hypothesis above, in the 
formula of the multi-hop ground reflection loss can be 
obtained. 

 ( )dB
RR

L HV
g ⎟

⎟

⎠

⎞

⎜
⎜

⎝

⎛ +
=

2
lg10

22
 (6) 

     
    

 
DOI: 10.1051/, 04024 (2017) 712012

ITA 2017  

ITM Web of Conferences itmconf/201 4024

2



 

During which the value of RV
2
+ RH

2

2
 is 1 and 0.2 in 

the two ground forms of seawater and dry soil. And this 
formula represents the ratio of the reflected radio signal 
power to the incident radio signal power. Although some 
simplification has been made in the calculation process, it 
is still possible to see that the multi-hop ground reflection 
loss in the form of dry ground is much greater than that in 
the form of seawater. 

3 Simulating 
According to table 1, it is easily to find that the number of 
ones in the sequence is about 50% not related to the 
lengths of the sequences. The time domain properties and 
auto-correlation characteristics of the physical random 
sequence and sequence after spreading are described in 
Figure 1. 

 

Figure 1. The time domain properties and auto-correlation characteristics of the physical random sequence before and after spreading 

Through the analysis above, it is concluded that the 
difference of the multi-hop ground reflection loss in 
different ground forms is the main reason for the large 
difference of the transmission power required for 
shortwave communication in different sea areas. 

4 Conclusions 
In this paper, we mainly analyze the reasons for the 
different size of the transmitting power, and focus on the 
different effects of different ground forms on the signal 
power loss. Testing results proved the physical random 
sequence spreading sequence has the same 
autocorrelation properties as the physical random 
sequence itself not related to the periodicity of t In this 
paper, we mainly analyze the reasons for the different 
size of the transmitting power, and focus on the different 
effects of different ground forms on the signal power 
loss he plaintext though the time waveform has 
significant difference, which proves that physical 
random sequence can effectively realize the information 
spreading. 
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