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1. Abstract

This paper describes the effects of GPS signals reflection on finite surfaces and diffraction on 
straight borders. These effects have been evaluated theoretically and verified experimentally. The 
reflection has been calculated using the Fresnel-Kirchoff integral and the diffraction with the Keller 
GTD theory. The conclusion emphasize the greater importance of effect of "reflection" compared to 
those of "diffraction", much more localized and of lower amplitude. 

2. Introduction

Multipath effects are one of the technical aspects with greater influence on the pseudorange 
accuracy at GBAS/LAAS reference stations. 

These effects may be decreased with appropriate designs of antennae with radiation patterns that 
attenuate LHP (Left Hand Polarized) signals. Additionally, narrow band correlators provide 
improvements in the pseudorange determination. 

However, both of the above mentioned techniques have inconveniences. Regarding the former, 
LHP signal reception is not uniform, presenting privileged orientations that can not be attenuated. 
In the case of the latter, the necessity of having relatively high signal/noise ratios is handicapped by 
reflections, diffractions and concealment of satellites to the. line of sight of the receiver scenarios. 

For these reasons, like in other Navigation Systems, we need to pre-analyze the physical 
surroundings of a GPS receiver, located in a ground reference station, to evaluate the impact of 
multipaths in the determination of pseudoranges. 

If our analysis is focused on Air Navigation and, in particular, on the instrumental prec1s10n 
approach, it seems obvious that reference stations should be located close to the runway so as to 
guarantee maximum correlation between the incoming signals to the aircraft receiver and those that 
reach the station receivers. Concurrently, all the satellites must be in the line of sight of the station, 
even in cases of low mask angles. 

The need to have "reliable" tools for the assessment of multipath effects for reference stations, 
knowing the physical characteristics of the surroundings areas, has encouraged the Department of 
Infrastructure, Airspace systems and Airports of the Universidad Politecnica de Madrid to work in 
the development of a whole set of field experiments and mathematical models that are supporting 
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our advancement in the construction of a simulation tool capable of evaluating multipath effects for 
any given scenario. 

In particular, this report presents the results reached so far, in relation to reflection on finite walls 
and diffraction on straight borders, clearly establishing their differences. 

3. Reflection and Diffraction effects on the correlation function: Theoretical model

The correlation function between the incoming signal corrupted by multipath effects, and the 
replica signal is distinct from that of its ideal shape due to the time delay and phase relationship 
between the direct and reflected/diffracted signals. Figures 1 and 2 show the theoretical effects of 
reflection and diffraction, respectively, on the correlation function for the experimental trials 
conditions described in paragraph 4 below. 

The DLL considered for the receiver model uses classical lµs time difference between early and 
late replica codes. 
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Figure I. Figure 2 

Radiation patterns of the antenna used in the trials, has been experimentally evaluated giving a non­
simetrical pattern and differences between RHP and LHP incoming signals. Figures 3 and 4 show 
the experimental results. Figure 3 shows the amplitude variation for different azimuth and elevation 
angles for RHP and LHP. Similarly, figure 4 shows the carrier phase variation. 
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Figure 3 
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Figure 4 

Considering the above results, the simulated received signal has been corrupted each time, adding 
the effects of direct, reflected and diffracted signal components. 
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• 0 : Transmitter 
• R,: Specular ref
• R1 : Transmitter
• G1 : Transmitter



� 

--· . --

I (Phase) for RHP an LHP 

0 .0 80 100 

F. J. Saez Nieto, J.L. Fernandez Marron, L. Perez Sanz, J. F. Alonso Alarcon 
Compared Analysis of the Reflection and Diffraction Effects of CPS Signals on the Pseudo range Determination in Receivers 

The reflected signal is established from the Fresnel-Kirchoff integral equation given by: 

where: 

= jr0 
J 

_l_e-j•<R,+R,-,,>cc cos6, +cos6, ds 
P, ,1. R R , ,P,P 2 

All r I 

s11rjace 
element, 

• Ps : Reflected/Direct signal ratio. 
• r0 : Transmitter - Receiver distance . 
• R,: Specular reflection point - receiver distance.
• R1 : Transmitter - specular reflection point distance.
• G1 : Transmitter antenna radiation pattern gain for a given elevation and azimuth angle.
• G,: Receiver antenna radiation pattern for a given elevation and azimuth angle.
• p: Reflection coefficient.
• p,: Attenuation coefficient due to roughness.

This integral has been calculated as a sum of small surfaces in which radiofrequency phase 
differences can be neglected (A<l>max < 0.05 A). 

The diffracted signal from sharped borders has been calculated from the Geometrical Theory of 
Diffraction, given by 

where: F(x) = e;x' f e-;u' du; and q>, q>o as indicated in figure 5
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4. Trials description

In order to validate the proposed model, a set of field trials were held. In these, the transmitted 
signals from satellite I of the GPS NA VST AR constellation were recorded. The recording was done 
at two different sites, one of them was chosen in order to receive multipaths, the other would be 
utilised as a reference site without multipaths. 

The reference site (figure 6) was the Aeronautical Engineering School of the Universidad 
Politecnica de Madrid, on whose roof are sited three GPS antennae, aligned and separated twenty 
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