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ABSTRACT

Future airspace usage and procedure design will be based on area navigation and PBN operation. While the primary sensor for
this is GNSS, several fall-back systems have to be provided which rely on terrestrial facilities, some of them being VORs.
Accordingly, ANSPs have to decide whether a certain VOR supports RNAV-5 or not. Within conventional procedures, the
performance is ensured by means of flight inspection but there is no good solution how to guarantee signal integrity virtually
everywhere.

Our approach could contribute to improve this situation and to gain insight into signal in space on signal level. For this purpose,
a new bandpass receiver technology and digital board is used to obtain measurement data of signal in space and to store that
data synchronized with GPS time stamp and location on SSD. The electronics is either carried using PTB’s octocopter or the
touring motor glider JadeOne. Applying the doppler cross bearing we are able to locate each scatterer around the DVOR and,
furthermore, to determine its associated reflectivity. This cluttermap can be used as a preload Az-Error in the VOR protection
area, but, furthermore, we can calculate the scatterers’ impact on the DVOR signal integrity as well as the impact of wind
turbines up to the VOR range limit.

Our measurements and analysis confirmed that simple orbital data from flight inspections are not adequate to judge on the
preloading Az-Error that exists due to the multipath environment. We have identified physical and metrological reasons that
support existing regulations (for example by the FAA) which preclude facility restrictions solely based on orbit inspection data.

Originally aiming at refining the assessment of wind farm projects and their impact on area navigation, we were able to expand
the scope of our findings. Based on the cluttermaps derived from measured data, we have developed a method that allows
predicting VOR azimuth errors at almost every point in space. By that means one is able to document RNAV compliance.
Furthermore, our method can also be used to predict, whether a newly constructed conventional procedure will comply with
DOC 8071 requirements even bevor flight validation has taken place.



