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Abstract. On high frequencies (HF, defined to be 3-30 MHz), radio waves can travel long distances by multiple 
reflections off the ionosphere and off the earth. The focus of this research is to develop an appropriate mathematical 
model for HF radio waves which a ship travelling across the ocean will use for communications and to receive weather 
and traffic reports. In order to serve a shipboard receiver moving on a turbulent ocean better, MHA model is improved 
with the introduction of Doppler shift, multipath delay as well as symbol error rate (SER) to indicate the communication 
quality in the ship's navigation. 
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FREE SPACE LOSS OF HF RADIO WAVES 

What is commonly called free space, strictly speaking, should be the vacuum while such conditions cannot be 
gotten in reality. In other word, the space includes the features that isotropy, zero conductivity, and relative 
dielectric constant and relative magnetic permeability always being one. So, the free space is an ideal position. [1] 

Since the energy of the signal transmitted by the antenna is broadcast, the energy received by the receiving 
antenna can only be part of it. Free space loss characterizes this loss of signal during diffusion. 

Set a point source antenna and put it in the free space, if the radiant power of the antenna is PT watt, which is 
uniformly distributed on the surface of a sphere centered on the point source antenna, and the area of spherical 
surface from the antenna r is 4πr2, so the density of power flux in the spherical surface is 
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Then calculate the input power of receiving devices. Based on the antenna theory, we can use the effective area 

Ae to represent the efficiency of receiving HF radio wave power by receiving antenna. Suppose that there is an 
antenna area, all the power of radio waves projected over this area is absorbed entirely by the load of the antenna, 
the area is effective area of antenna. And the effective area Ae has the following relationship with the gain 
coefficient of receiving antenna GR and operating wave length λ: 
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Then the input power PR sending to the receiver is 
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Free space basic transmission loss Lbf is defined as the transmission loss between two ideal point source 
antennas in free space. It expressed the ratio of input power PT and of output power PR when the transmitting 
antenna gain GT=1 as well as the receiving antenna gain GR=1 in free space, which can also be expressed in 
decibels. 
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THE IMPROVEMENT OF MULTI-HOP ATTENUATION MODEL 

During the actual voyage for a ship, due to the influence of weather, route and other factors, a lot of complicated 
situations can happen in communication, the most common of which is Doppler shift and Multipath delay, both of 
which will cause signal attenuation and interference, thus affecting the communication of the ship.[2] Therefore, we 
improve the multi-hop attenuation model to allow the ship to accommodate a shipboard receiver. 

Simulation and Analysis 

 

FIGURE 1. Position of source and receiver 

 
The Doppler Effect occurs when there is relative motion between the transmitted signal and the received signal. 

In order to study the communication between any two points on the earth, we set up a spherical coordinate system as 
shown in the Fig 1 to study the relative motion between the source and the receiving source. 

Assuming that the ship is sailing at any point on the surface of the earth, a signal transmitter is transmitting 
signal at the most north edge of the earth. It can be seen from the figure that the speed of the ship is v, the coordinate 
of the launching point is T (0,0, R0), and the position of the ship at t moment is S(x(t), y(t), z(t)). The angle between 
the navigation direction and the vertical direction is set as δ(t), the angle between the forward direction of the ship 
and the incident wave at t moment is γ(t). On basis of the geometric relationship, we obtain the following relations: 
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By analyzing the angle between the ship's forward direction and the incident wave at t moment is γ(t), and then 
the Doppler shift fd of the ship is solved. 
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Multipath Delay 

Multipath effect widely exists in wireless communication technology. Due to the complexity of the environment 
the communication occurs, the signal may be reflected, refracted and scattered in the process of arriving at the 
receiving end, and it will pass through different paths to the receiver, as shown in Fig 2. 

 

 

FIGURE 2. Multi-hop reflection schematic 
 

The signal received at the receiving end is the vector sum of the signals transmitted by multiple paths. Since the 
attenuation and delay of each transmission path vary with time, the amplitude of the received signal varies 
dramatically with time due to the superposition of multiple signals with different phases, resulting in the distortion 
of the received signal. [3] Then, it forms the fading of the received signal which will affect the quality of the 
information transmission when the fading is serious. 

The expression of the signal transmitted by the signal generator is 
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Where, sl(t) represents the envelope of signal s(t). Because of the existence of multiple transmission paths, and 

the transmission delay and attenuation factors of each path vary with time. The receiving signal is expressed as 
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an(t) is the attenuation factor corresponding to each signal while τn(t) is the transmission delay of each signal 

Calculation and Analysis 

After the improvement of the model, in order to obtain the communication time that the ship can maintain under 
different conditions, we introduce the symbol error rate (SER) to represent the communication quality in the course 
of the ship's navigation. And we use the Simulink module of MATLAB to simulate of the HF wireless 
communication for the signal, then to determine the change rule of the ship’s communication error rate with time. 

 

 

FIGURE 3. Schematic diagram of the shipping line 
 

TABLE 1. Four positions of the ship 

Position A B C D 

Latitude 33.506°N 33.6653°N 33.474°N 32.771°N 

Longitude 130.771°W 143.779°W 153.975°W 165.752°W 
 
To better study the reliability of our model to the actual situation, we simulate a ship sailing from Los Angeles 

(34°05’N, 118°22’W) across the Pacific Ocean to Shanghai (31°14’N, 121°27’E) with the navigation path shown in 
Fig 3, and there's a signal generator in Los Angeles to send weather and traffic reports to ships. 

 

 

FIGURE 4. Multipath Rayleigh channel simulation module 
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First of all, we built a communication module, as shown in Fig 4, in which the Multipath Reyleigh Fading is the 
core of the module. Each path is affected by delay time τn, Doppler frequency offset fd, and gain Lb, Combining the 
improved MHA model with this module, two figures are obtained, which are the trend of Doppler frequency shift 
and multipath delay with the days of ship sailing. 

 

 

 

FIGURE 5. Simulink analysis 

 
From the analysis of the two figures above, we can get the conclusions: 
The Doppler frequency shift of the ship will increase with the additional number of sailing days, especially the 

signal whose signal reaches the ship by one hop. The multipath delay of the signal received by the vessel tends to 
decrease first and then tends to be gentle with the increase of the number of days. 
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The main reason is that as the distance from the starting point to the vessel increases, the different paths reach 
the receiving point through multiple times Reflection, the physical process is very complicated. 

Afterward, four locations are selected in the navigation path and to analyze the error rate of the received signals. 
We get the conclusions as follows: 

 

 

FIGURE 6. Multipath Rayleigh channel simulation module 
 
No matter what position of the ship in the navigation, the bit error rate will decrease with the increase of signal-

noise ratio, which means that the smaller the noise, the less the influence on the communication quality and the 
longer the ship keeps in communication. 

In the process of the sailing, the ship has the farther distance from the signal transmitter, the greater the signal-
noise ratio of the signal and the worse the communication quality, which results in the shortening of the 
communication time. 

In order to ensure the communication quality, when the SNR is greater than 10dB, the SER should be controlled 
below 0.1, so the ship in position C and D has been unable to communicate normally. Therefore, we conclude that 
the ship can sail for up to 4 or 5 days. 
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