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An increased number of Global Navigation Satellite System (GNSS) satellites, broadcasting at 

multiple civilian frequencies, is expected to become operational over the next decade. 

Consequently, each user will be able to independently conduct an integrity check for their 

estimated position. This research explores Receiver Autonomous Integrity Monitoring (RAIM) as 

an alternate way to bring airplanes within 200 ft (60 m) of the ground even in poor visibility 

conditions, and at terrain-constrained airports. 

 

A major role played by ground equipment in traditional aviation is that of providing assistance to 

aircraft in maintaining the desired trajectory during both terminal and en-route phases of flight. 

Ground navigational aids owned by the Federal Aviation Administration (FAA) involve large costs 

which scale with the total number of airports and the overall air traffic capacity. These operational 

costs can be reduced by equipping airplanes with GNSS-enabled instrumentation. The integrity 

requirement of having at most one failure to bound the user position errors over 10 million 

approaches is the most stringent operational constraint and the required error bounds are the 

tightest in the vertical direction. Therefore, the primary focus of this work is to maximize the 

performance of a RAIM algorithm from a vertical integrity standpoint for aviation precision 

approaches.  

 

This dissertation investigates the use of a Multiple Hypothesis Solution Separation (MHSS) RAIM 

algorithm as an Aircraft-Based Augmentation System (ABAS) which can efficiently take advantage 

of the capabilities of future multiple-constellation GNSS in order to provide an error protection 

level for the user. The current research adds a Fault Detection and Exclusion (FDE) method well-

adapted to the MHSS RAIM. It also builds the capability of handling multiple simultaneous faults, 

a well-defined comprehensive threat model, and Vertical Protection Level (VPL) prediction 

capabilities into the integrity algorithm. The total number of available satellites, and the bias and 

variance of ranging errors under conditions assumed to be nominal were identified as the key 

parameters that affect the overall performance, and their influence was measured quantitatively. 

 

Computer-simulated measurements, as well as independently recorded dual-frequency Global 

Positioning System (GPS) flight data were used to test the performance of the developed RAIM 

techniques, both under assumed nominal conditions and in the presence of intentionally injected 

measurement faults. Current results indicate that VPLs in the 10-20m range are achievable. These 

protection levels would enable Localizer Performance with Vertical guidance (LPV) approaches 

down to a 200' minimum height at all runway ends worldwide without the need for a Satellite or 

Ground-Based Augmentation System (SBAS or GBAS). 


