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SUMMARY 

The U.S. Department of Defense (DoD) faces a tightening budget in 

the coming years. Despite the lean budget years, unmanned aircraft 

systems (UAS) are expected to be a priority. Secretary of Defense Leon 

Panetta has pledged to maintain or even increase spending in critical 

mission areas, such as cyber offense and defense, special operations 

forces, and UAS (Shanker and Bumiller 2011). Due to their usefulness 

for intelligence collection in irregular warfare (IW) and 

counterinsurgency (COIN), UAS were quickly fielded and sent to theater 

without analysis of how their intelligence sensors complemented each 

other (Isherwood 2011). There are ways for DoD to improve the methods 

of employment and the integration of multi-intelligence capabilities on 

assets to better leverage the systems it currently owns.  

The general aim of this research is to identify and explore an 

area in which DoD can operate “smarter” with its proliferating UAS 

fleet by leveraging geolocation. Geolocation is the identification of 

the physical location of an object. Specifically, this research 

investigates how DoD can better leverage UAS and improve multi-

intelligence capabilities by expanding its geolocation capacity through 

the use of time/frequency-difference-of-arrival (T/FDOA) geolocation on 

UAS.  

I focused on the geolocation of radio frequency (RF) emitters used 

in a military context. There are several different techniques to 

geolocate an emitter. This research investigates the use of T/FDOA 

geolocation on UAS and sheds light on important questions that need to 

be answered before investing in a T/FDOA capability for UAS.  

To perform this research, I created a tool to estimate the 

accuracy of T/FDOA geolocation to quantify its effectiveness. The 

T/FDOA Accuracy Estimation Model takes a scenario for geolocation and 

estimates the accuracy of the cooperative T/FDOA technique, including 

the impact of various sources of errors. Quantifying the effectiveness 

of T/FDOA geolocation allows this research to answer the proposed 

research questions. Beyond the analysis in this dissertation, the tool 
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would be useful for assessing the dominant factors in T/FDOA 

geolocation accuracy, which can inform decisions on choosing aircraft 

orbit geometries to optimize performance, technology investment 

decisions, and comparisons of the performance of T/FDOA with 

alternative geolocation techniques for specific applications.  

I first demonstrate the potential of T/FDOA geolocation in the 

context of how we use UAS today to show what a signals intelligence 

(SIGINT) system capable of T/FDOA would add. I contrast the T/FDOA 

technique with direction finding, which is the common geolocation 

technique used in the military today. T/FDOA geolocation is useful 

against many targets, particularly those in an IW/COIN environment that 

are difficult to geolocate using direction finding. Two of the major 

drawbacks to T/FDOA are the need for multiple platforms and the 

sensitivity to geometry. The drawbacks do not hinder employment of 

T/FDOA as a secondary capability on UAS.  

I then show some of the requirements of adding a T/FDOA 

geolocation capability to UAS. Small changes are necessary to implement 

T/FDOA on UAS. The technology for T/FDOA-capable sensors already 

exists, and many UAS are nearly equipped to be capable. Today, one of 

the largest drivers of manpower for UAS is the processing, 

exploitation, and dissemination (PED) needed to turn the data collected 

into actionable intelligence. The manpower and cost implications appear 

to be small compared with the requirements to PED other sensors. 

Finally, I explore how T/FDOA geolocation could improve multi-

intelligence operations. Adding a SIGINT with T/FDOA capability to UAS 

instantly increases our ability to provide more information about 

targets by layering complementing intelligence, surveillance, and 

reconnaissance (ISR) sensors. T/FDOA geolocation provides high-accuracy 

geolocation very quickly, reducing the time delay between intelligence 

types and the area that a second intelligence, such as full-motion 

video (FMV), would need to search. For command, control, and 

communication (C3), the emerging ISR mission type orders (MTO) concept 

meets the C3 needs for T/FDOA geolocation in complex operating 

environments. 




