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	Summary: 
	This report describes a method proposed by the University of the Basque Country (UPV/EHU) to delimit the safeguarding area around a transmitter site in order to avoid near field effects on fixed radiokinks. 
The method is applicable to microwave radio links above 1 GHz, as near-field effects at lower frequencies are not as important as other disturbances in the safeguarding area assessment, and for electrically large reflectors, as these are the typical antennas used in this frequency range.
A more detailed description including theoretical basis, an application to real cases of wind farms close to radio links facilities and a comparison of the results obtained with other criteria is available at http://www.tandfonline.com/doi/full/10.1080/09205071.2015.1096838 (free access at http://www.tandfonline.com/eprint/aXsmteGYZwNU7zVAzcQb/full)

	Proposal:
	The proposed method provides a safeguarding area on the ground around the transmitter site, where wind turbines should not be installed. Though it is based on theoretical basis, the method is easy to apply without a deep knowledge of near field effects. Input data are the microwave radiolink basic parameters (frequency, dimensions of the antenna and coordinates of the transmitter site and wind turbines).

	Background:
	This report was created in response to the request of studies about the impact of wind farms on fixed radiolink services by the FG on Wind Turbines.




[bookmark: _Toc285542135]INTRODUCTION
Terrestrial microwave radiolinks are used for point-to-point communications within a large frequency range, typically from 1 GHz to around 58 GHz. The performance of a fixed radiolink might be degraded due to obstruction or scattering of great structures located close to radio path line-of-sight [1],[2]. Disturbance due to near-field effects of wind turbines located close to radio link antennas should be also considered in the analysis [3],[4].
Antennas are designed to operate in far-field region, where radiated fields are dominant and allow communications for long distances. Near-field region involves reactive near-field region (region immediately surrounding the antenna where non-radiating components predominate) and radiating near-field region (region where the radiating componentes become predominant, but antenna gain and angular distribution of the radiated field vary with distance from the antenna) [5][6]. 
Near-field effects are caused by great objects within near-field region, which can result in coupling with the antenna and distorting the ultimate far-field antenna pattern [7],[8]. Near-field effects are difficult to predict and characterize, and for this reason, the usual procedure to avoid these effects consists of delimiting a clearance area or safeguarding area around the antenna, where great objects, particularly if they are metallic objects, should be avoided.
As the analysis of the potential impact of a wind farm before it is installed is the best way to prevent the disturbance on the existing radio services, this document proposes a method for calculating the safeguarding area to avoid near-field effects on the microwave radio link antennas. The safeguarding area is a constraint mask where no wind turbines should be installed in order to avoid these effects. 

APPROACH
Near-field effects of wind turbines on microwave radio links is one of the less analyzed disturbances. The evaluation of the potential disturbance of a planned wind farm requires accurate and unbiased criteria applied in a comprehensive impact study. In this report, an easy to apply calculation procedure to delimit the safeguarding area around a transmitter site in order to avoid near field effects on fixed radiokinks is described. The method is based on theoretical criteria and it has been developed by the University of the Basque Country (UPV/EHU).
The method is applicable to microwave radio links above 1 GHz (as near-field effects at lower frequencies are not as important as other disturbances in the safeguarding area assessment [4]), and for electrically large reflectors (as these are the typical microwave antennas in this frequency range). Input data required by the method are the microwave radiolink basic parameters (frequency, dimensions of the antenna and coordinates of the transmitter site).
The proposed method provides a safeguarding area in form of constraint mask, this is, the area around the transmitter site where wind turbines should not be installed. Though it is based on theoretical basis, the method is easy to apply without a deep knowledge of electromagnetic propagation. Therefore, the method is easy to apply by wind farm promoters in the layout design, by telecommunications operators in the evaluation of the potential impact, and by administrations involved in license tasks. 
A more detailed description of the theoretical basis is available at the Journal of Electromagnetic Waves and Applications (http://www.tandfonline.com/doi/full/10.1080/09205071.2015.1096838) [9]. In the referenced paper, the proposed method is applied to real cases of wind farms close to radio links facilities and compared to results obtained with more conservative criteria.

METHOD FOR DELIMITING THE NEAR-FIELD SAFEGUARDING AREA
Basis of the method
The method is adapted to the analysis of the impact of wind turbines on microwave radiolinks. The criterion to delimit the near-field region is the nature of the radiated field and the way this varies with the distance from the antenna [5][6]. 
The analysis of the near-field effects is focused on microwave radio links above 1 GHz, as near-field effects at lower frequencies are not as important as other disturbances in the calculation of the safeguarding area [4].
For frequencies above 1 GHz, commercial microwave antennas are usually electrically large reflectors, and the circular parabolic reflector is the most common antenna [5][6]. As these are highly directive antennas, the safeguarding area should be adjusted to the near-field region of this type of the antennas.
Although conservative criteria are usually pursued in this type of analysis [3],[4],[10], this proposal aims at results close to real performance of antennas [9]. Unbiased and objective criteria will ensure the development of wind energy without degrading the proper operation of radio links.

Description of the method
The following terms are used in the method: 
· Safeguarding distance: antenna on-axis distance for far-field condition.
· Safeguarding volume: volume around the antenna that must be clear of any part of the wind turbine, including rotating blades.
· Safeguarding area: projection of the safeguarding volume on the ground.
· Constraint mask: area where wind turbines should not be installed, ensuring that none of the parts of the turbine, even rotating blades, will enter in the near-field safeguarding area. 
Hence, the purpose of the procedure is to obtain the constraint mask, which provides the limits of the clearance area that must be observed in the definition of the wind farm layout.
The application procedure for each radio link antenna in a transmission tower is as follows [9]:
Antenna on-axis safeguarding distance (or range for far-field condition Rff) is calculated from reflector antenna diameter (D) and radio link wavelength (λ):
		
For off-axis directions, the safeguarding volume is delimited by a circular cylinder of radius D, located along the antenna axis (boresight). Antenna axis corresponds to the straight line that links both antennas of the radio link.
The resultant safeguarding volume is a circular cylinder of radius D and length Rff  lined up with the antenna axis.
In order to delimit the safeguarding area on the terrain, the cylinder that forms the safeguarding volume should be projected on the ground. To simplify this task, a rectangle 2D wide and Rff  long, lined up with the radio link, can be represented on the terrain, with origin on the tower base (see Fig. 1).
The last step is the calculation of the constraint mask, this is, the area where no wind turbines should be installed in order to observe the safeguarding area. The constraint mask can be calculated adding a distance equal to half of wind turbine rotor diameter to the dimensions of the safeguarding area, as represented in Fig. 1.
Future installations of microwave radio links can be considered in the assessment of the constraint mask. As the extension of the safeguarding area depends only on the link parameters (frequency and antenna dimensions), and frequency bands and antenna sizes of each service can be estimated in advance by the network operator, it is possible to apply the same procedure to assess safeguarding areas for future microwave radio links. In this case, consideration of worst case (highest frequency and greatest antenna diameter) is recommended. In case that other directions, different than those used by current radio links, are expected to be used, they should be included in the assessment of the constraint mask. If directions of future radio links are to be defined, a worst case assumption can be applied, which in this case consists in a constraint mask composed by a circle centred on the transmitter site location and radius related to the longest Rff  value.
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Fig. 1. Aerial view of a reflector antenna (in gray) in a transmitter tower: in red, safeguarding area (projection of the safeguarding volume on the ground); in orange, constraint mask (area where no wind turbines should be installed).
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