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도로 개방 환경에서 바닥면 재질과 안테나 높이에 따른 
1~6 GHz  감쇄 특성 분석
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요 약

본 논문에서는 선추 법과 달측정을 통하여, 지면반사 가 우세한 도로 개방환경에서 1, 3, 6 GHz의 

 감쇄 특성을 분석하 다. 바닥면의 재질과 송신 안테나 높이와 수신안테나의 높이를 변화시키면서 특성을 

찰하 다. 실제 측정은 개방환경에서 10미터 높이에 설치한 지향성 송신 안테나와 1.5미터 높이에 설치한 

방향성 수신 안테나로 수행하 다. 모의실험과 측정 결과의 비교를 통하여 수신기의 최  감쇄가 발생하는 

지 의 변화 상을 분석하 다. 비롯 넓은 도로 환경의 결과이지만, 본 연구의 결과는 향후 도로 개방환경에

서 송신기와 수신기를 배치할 때 원활한 통신을 하여 활용될 수 있을 것이다.

ABSTRACT

In this paper, the propagating-wave attenuation characteristics at 1, 3, and 6 GHz in the open environment roadway 

where the ground-reflected wave dominates are analyzed through a propagation model simulation using a ray-tracing 

method and propagation measurements. Simulations has been performed by varying the ground material, the 

transmitting antenna height, and the receiving antenna height. The measurements were conducted using a directional 

transmission antenna installed at 10 m mast and a omnidirectional receiving antenna installed at 1.5 m mast in an open 

environment. Comparison of simulation and measurement results confirms that the null points having the weak signal 

strength depend on those parameters. Although this research has been investigated for the wide road, the derived result 

could be useful for installing the transmitter and receiver in the roadway open environment. 
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Ⅰ. Introduction

 There is an increasing necessity for propagation 

models to analyze the radio interference and mobile 

wireless communication [1-4]. 

On the other hand, the communication between 

vehicles or vehicle-to-infrastructure becomes 

important to prevent the car-collision accident 

[5-7]. Fig. 1 shows the example of roadway 

communication environment. In a roadway 

communication environment for such as WAVE 

(Wireless Access in Vehicular Environments) 

communication [5-7], the transmitter (Tx) could be 

installed on the supporter of frame, and the 

receiver (Rx) could be placed over the ground or 

on the vehicle body. However, the reflected wave 

interferes the direct wave from the transmitter 

[8-10]. If the receiver is placed at the interfered 

point, the received signal will be very weak for 

communication link. Therefore, the null point from 

the transmitter should be recognized before the 

system installation.

Fig. 1 Example of roadway communication environment.

In this paper, the propagating-wave signal 

attenuation characteristics are investigated in the 

open roadway communication environment. The 

road having a wide width was investigated in this 

paper where The ground-reflected wave will be 

dominating. The null-points having the weak signal 

due to the interfered wave have been found in 

terms of the ground material and antenna height. 

The frequency for investigation are chosen as 1, 3, 

and 6 GHz because they are near to the unlicensed 

frequency band of 920~923, 2400~2483.5 and 

5725~5850 MHz and could avoid the interference 

from the widely-spread active equipments such as 

Wi-Fi devices [11]. The results are shown through 

simulations and measurements.

Ⅱ. Analysis Method

Propagation models can be classified into  

empirical or deterministic one. Empirical models, 

including the Okumura model, the Hata model, the 

COST-231 Hata model, and the SUI model are 

based on measurements rather than calculations. 

Meanwhile, deterministic model such as the ray 

tracing method involves obtaining solutions from 

Maxwell's equations and boundary conditions, . In 

this paper, deterministic two-ray and full 3-D 

models are used for calculation and simulation. 

2.1 Two-Ray Theorical Model

Fig. 2 shows the conventional two-ray 

ground-reflection model for analyzing the roadway 

communication environment where l is the length 

of the direct ray, x+x’ is the length of the 

ground-reflected ray, θ is the angle between the 

ground and the reflected ray, ht is height of 

transmitter, hr is height of receiver, and d is 

distance between the transmitter and receiver. In 

the two-ray model, there are two propagation 

paths: line-of-sight (LOS) waves and reflected 

waves. From Fig. 2, if the directivity of the 

transmitting and receiving antenna is limited, the 

distance between them is large, and the mutual 

interference between them is small, the LOS path 

and the reflecting path can be assumed to have 

identical gains. In this case, the received power is 

simplified as written in Eq. 1 [8],
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where λ is wavelength of the transmission, Pt is 

output power of transmitter, Pr is received power 

of receiver, Gt is gain of transmitting antenna, Gr  

is gain of receiving antenna, and R(θ) is ground 

reflection coefficient depending on the ground 

material and reflection angle θ [8]. As can be seen 

in Eq. 1, the Pr is the vector summation of the 

path l (directed wave) and the path x+x’ (reflected 

wave). Therefore, the field intensity in Fig. 2 

changes at the receiving point due to the ground 

reflection.

Fig. 2 Two-ray ground-reflection model.

2.2 Full-3D Simulation Method

Full-3D Simulations were performed using the 

commercial software Wireless Insite, which 

calculates the urban geometry of surrounding 

structures and includes the effects of reflection, 

transmission, and diffraction on the electric field. 

These results are obtained by tracking all ray 

paths between the transmission point and the 

reception point.

Ⅲ. Simulation and Measurement Results

Simulations were performed by changing several 

parameters in the propagation model shown in Fig. 

2, including the ground material (soil, concrete, and 

PEC) and the height of the transmission ht, and 

reception antenna hr. Each result was plotted 

according to the frequency 1, 3, and 6 GHz.

Since the roadway cannot be accessed easily, the 

measurement campaign has been performed in 

open-straight road in Naju-city, Korea as shown in 

Fig. 3. Measurements were conducted for frequency 

of 1, 3, and 6 GHz. The length of the runway is 

almost 2,000 m and the width is 43 m.

 

Fig. 3 Open straight road in Naju-city.

Fig. 4 shows the values of path loss for different 

ground materials in the simulation. Here, the 

transmission and reception antenna height is 10 m 

and 1.5 m, respectively. The label of x-axis means 

the distance from the transmitter to the receiver 

along the ground. The null point corresponds to the 

distance showing the high path loss. For the 

frequency 1 GHz as shown in Fig. 4(a), the null 

point from the full-3D simulation is about 100 m of 

distance on the concrete material having εr = 4.5 + 

0.005*i. This results are agreed well with the 

theoretical results of the two-ray model. The 

measured results for Fig. 3 also show the good 

agreement with the full-3D simulation results. The 

similar phenomenon can be found in Fig. 4(b) and 

(c) for 3 and 6 GHz. This means that the ground 
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material shown in Fig. 3 could be almost treated 

with the concrete.

One can note that the null points are also 

dependent on the frequency. Based on the 

simulation results for the concrete material, the null 

points are 100m for 1 GHz. Meanwhile for 3 GHz, 

they are 100, 150, and 200 m as shown in Fig. 

4(b).

(a) 1 GHz

(b) 3 GHz

(c) 6 GHz
Fig. 4 Comparison of path loss for different ground 

materials.

Fig. 5 shows the simulated path loss for 

different heights of the transmission antenna at 1, 

3, and 6 GHz. The ground material is set to be 

concrete, and the height of reception antenna is 1.5 

m. Changes in the null points were observed when 

the height of the transmission antenna was 

changed from 10 m to 15m for all frequencies. For 

example, the null point is 110 m for the Tx 

antenna height of 10m but it changes to 160 m for 

the height of 15 m  as shown in Fig. 5(a).

From the plot shown in Fig. 5, it can be said 

that the position of null point having the weak 

signal depends on the height of the transmisson 

antenna. The reason can be found in Fig. 1 and 

Eq. (1) where the l and x+x’ varies by the height 

of the transmission antenna, ht.
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(a) 1 GHz

(b) 3 GHz

(c) 6 GHz
Fig. 5 Comparison of path loss for different Tx 

heights.

Fig. 6 shows the simulated path loss for 

different heights of the reception antenna at 1, 3, 

and 6 GHz. The ground material is set to be 

concrete, and the height of transmisson antenna is 

10 m. As the height of reception antenna changes 

from 1.5 to 4.5 m, the null points are also changed. 

For example, the null point is 110 m for the Rx 

antenna height of 1.5m but it changes to 200 m for 

the height of 4.5 m as shown in Fig. 6(a)

From the plot shown in Fig. 6, it can be said 

that the position of null point having the weak 

signal depends on the height of the reception 

antenna. This is similar to the case of the 

transmission antenna height. The reason can also be 

found in Fig. 1 and Eq. (1) where the l and x+x’  

varies by the height of the reception antenna, hr.

(a) 1 GHz

(b) 3 GHz
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(c) 6 GHz
Fig. 6 Comparison of path loss for different Rx heights. 

Ⅳ. Conclusion

In this paper, a propagation model simulation and 

propagation measurements were conducted to 

investigate the attenuation characteristics of the 1, 

3 and 6 GHz frequencies. Measurements were 

taken on the Naju open straight road, Korea, and 

simulations were performed using the two-ray 

method and full 3-D method. From the simulation 

and measurement results, one can conclude that 

there are high path loss for wireless 

communications, which depends on the frequency, 

ground material, transmitter height and receiver 

height. So, when one design the wireless systems, 

the null-point should be avoid. The analyzed road 

environment in this paper has the dominating 

ground-reflected wave, so the further research on 

the complicated road-environment having the 

reflected wave from the side-wall or the street 

signal mast should be performed. The results of 

this study could be used as a criterion for finding 

the null of propagation in wireless communication 

in roadway environments.
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