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This paper describes a recovery system for Small Unmanned Aerial Vehicles (SUAVs) operated in and 

around urban areas. The purpose of the system is to provide guidance so that the SUAV can navigate to 

a safe area where it can be recovered if GPS services are disrupted during a mission. The proposed 

system uses cell-phone signals to help bound the error growth of an airspeed and heading based dead 

reckoning system. 

Safe autonomous operation of SUAVs requires a continuous and accurate determination of the aircraft's 

position, velocity, and attitude. Currently, commercially available SUAV autopilots rely on a GPS-aided 

Inertial Navigation Systems (INS) to calculate the position, velocity, and attitude. However, GPS is known 

to be susceptible to interference and jamming. These vulnerabilities can be exploited, either 

intentionally or unintentionally, and lead to GPS becoming unavailable within a given geographical area. 

Consequently, the safety of SUAV operations can be compromised when operating in a GPS-denied 

region.  Making GPS robust or providing an alternative backup for it are indispensable requirements if 

SUAVs are to be routinely used in and around populated areas or congested airspaces. 

The prototype SUAV system presented in this paper made use of a federated filtering approach to 

calculate position, velocity, and attitude in GPS-denied environments. Using measurements from an 

inertial measurement unit and a magnetometer triad, an Attitude Heading Reference System (AHRS) 

Extended Kalman Filter (EKF) computed the aircraft's attitude independent from the velocity and 

position. Using this attitude determined by the AHRS, an air-data based dead reckoning navigator 

provided a high-rate velocity and position solution, and periodic position fixes derived from cell-phone 

signals were fused with the high-rate solution via a second EKF. Although future improvements to GPS 

backups may achieve performance that is comparable to GPS, the system presented in this paper is not 

capable of being as precise as GPS based navigation due to inaccuracies inherent to the cell-phone 

based positioning method utilized. Thus, this cascaded method was chosen to reduce the likelihood of 

errors in the cell-phone based position estimate from corrupting the AHRS attitude solution.  

Furthermore, the purpose of the system is not to provide an accurate navigation solution per se but 

guide the SUAV to a location where a safe manual or automatic recovery of the aircraft can be 

accomplished. 

The cell-phone signal based position fixes are derived from timing advance (TA) information provided via 

cell-phone tower communications with the onboard receiver. This TA information can be translated into 

time-of-arrival (TOA) and subsequently into estimates of the range between the tower and receiver. 

However, the TA data currently available on cell-phone networks is discretized into time lengths defined 

by bit periods which are 48/13 microseconds in length. Consequently, the range estimates derived from 

TA data have effectively been discretized into 553.46 meter increments originating from the cell-phone 

tower location. To calculate these range estimates in real-time with a minimum amount of error, a list of 



cell phone towers in the flight test area and their true locations was encoded into the prototype 

navigation system. 

Several flight tests were completed to compare the results of a traditional GPS-aided INS, an un-aided 

dead reckoning system, and the prototype cell-phone aided dead reckoning system. Due to the 

limitation of discretized cell-phone signal TOA in the form of TAs coupled with limited available airspace 

for testing, a hardware-in-the-loop (HIL) simulation was developed to illustrate the system performance 

during periods of extended GPS outages. After conducting a careful process of validating and verifying 

the effectiveness of the HIL simulation, several simulations were completed to demonstrate that the 

cell-phone position estimates clearly aid the dead reckoning system and bound the drift experienced by 

an un-aided dead reckoning system. After conducting three Monte Carlo simulations which required the 

simulated aircraft to transit without GPS to a home base located fourteen miles away, the average 

position error on the un-aided dead reckoning solution was 6,765 meters compared to only 200 meters 

for the cell-phone aided system after. To ensure the accuracy of these results, several more Monte Carlo 

simulations and a covariance analysis will be completed prior to the time of the ION-ITM Conference. 

Nevertheless, based upon the design of the system in addition to flight data and simulation data 

gathered from several tests, the cell-phone aided system will bound the position errors to not exceed 

550 meters which will accomplish the design objective of guiding the SUAV to a location where a safe 

manual or automatic recovery of the aircraft can be accomplished. 

In closing, future design improvements which are expected to enhance the system’s performance are 

discussed.  These improvements include developing a software defined cell-phone receiver to yield 

more accurate TOA measurements as well as incorporating cell-phone Received Signal Strength 

Indication (RSSI) as an additional measurement. 


