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Automated Image-based 
Aircraft Tracking and 
Record-keeping for Utah 
Airports

the ISSUE
There are many airports without control towers in the United States. These airports provide vital 
services such as aerial firefighting, aeromedical flights, law enforcement support, and corporate flights. 
To plan for future development and to assure safety and security of these airports, aviation planners 
need the number of aircraft operations as well as the fleet mix information. Without towers or staff to 
document the aircraft operations at these airports, many attempts have been made to automatically 
record the operations using radio, acoustics, and ADS-B technologies. While these methods come 
with some advantages, they cannot accurately monitor aircraft operations due to technological and 
commercial shortcomings. 

the RESEARCH
This project attempts to develop intelligent cameras for performing operation count and recognition 
by using machine learning techniques. The focus of this research project was twofold: 1) conducting 
the necessary data collections at general aviation airports to find the best camera layout to efficiently 
monitor the aircraft operations in their airfield; 2) developing machine learning-based algorithms to 
automate the process of aircraft operation count and recognition.

To develop a machine vision system for aircraft operation monitoring, researchers explored different 
camera layouts and various machine learning algorithms. Two camera layouts are proposed for full 
coverage of the aircraft operations at airports. The proposed camera layouts are determined with 
consideration of the possible airport configurations. The necessary algorithms to empower the camera 
footage with machine vision include aircraft detection, aircraft tracking, aircraft tail number detection, 
and aircraft tail number recognition. The researchers used machine learning and deep learning 
methods to build intelligent detection models to automatically perform the abovementioned tasks. 
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the RESEARCH (cont.)

The feasibility of the developed system is tested on video data 
collected from general aviation airports within the state of Utah. 
Collected data include different weather conditions (sunny, cloudy, 
and snowy) and different illumination conditions. The selected test 
locations allowed researchers to have access to a wide range of civil 
aviation fleets. Also, different airport configurations (i.e., runway and 
taxiway arrangement) are considered when the test locations are 
selected.

the FINDINGS
Data collection sessions proved that airport operations could 
be accurately monitored using a limited number of cameras 
placed at strategic locations within the airfield. Depending on the 
required accuracy for the aircraft operation counts and aircraft tail 
number recognition, the number of the required cameras varies. 
Furthermore, affordable off-the-shelf digital cameras were used to 
evaluate the feasibility of the proposed system. 

Regarding the software, deep learning-based aircraft detection 
models have shown higher accuracy compared with less 
computationally intensive detection models. It is also found that the 
use of correlation-based object (aircraft) trackers such as channel 
and spatial reliability tracking (CSRT) enhances the system. Finally, 
multi-frame-based aircraft tail number detection was essential 
for the recognition of the aircraft since, in some video frames, the 
aircraft tail might not be visible. 

The proposed method can accurately count both departures and 
arrivals, while the current in-practice system (acoustical counter) 
only can count departures. The practitioners double the departure 
counts obtained by the acoustical counter to find the total number 
of operations. Nonetheless, this research has shown that the 
correlation between departures and arrivals varies from airport to 
airport and during different seasons.

the IMPACT
The research shows that a vision-based system can provide 
accurate airport operational data. The proposed system is a good 
alternative to existing systems and provides aviation planners with 
a complementary tool for increasing the accuracy of the existing 
deployed counters in their study of airports. Enhanced data will 
provide more accurate information for airport planning, funding 
allocations, and safety and security assessments.

For more information on this project, download the main report 
at https://www.ugpti.org/resources/reports/details.php?id=1096

Lead Investigator(s)

Abbas Rashidi 
abbas.rashidi@utah.edu

Co-Investigator(s)

Nikola Marković 
nikola.markovic@utah.edu

Research Assistant(s)
Md. Farhadmanesh, GRA, PhD 

Project Title

Automated Image-based 
Aircraft Tracking and Record-
keeping for Utah Airports

Sponsors | Partners

Utah Department of 
Transportation, Division of 
Aeronautics

USDOT, Research and 
Innovative Technology 
Administration

This publication was produced by the Mountain-Plains Consortium at North Dakota State University. The contents of this brief reflect the views of the authors, who are responsible for facts and the accuracy of the information 
presented herein. This document is disseminated under the program management of the USDOT, Office of Research and Innovative Technology Administration in the interest of information exchange. The U.S. Government 
assumes no liability for the contents or use thereof. 

For more information or additional copies, visit the Web site at www.mountain-plains.org, call (701) 231-7767 or write to Mountain-Plains Consortium, 
Upper Great Plains Transportation Institute, North Dakota State University, Dept. 2880, PO Box 6050, Fargo, ND 58108-6050.

NDSU does not discriminate in its programs and activities on the basis of age, color, gender expression/identity, genetic information, marital status, national origin, participation in lawful off-campus 
activity, physical or mental disability, pregnancy, public assistance status, race, religion, sex, sexual orientation, spousal relationship to current employee, or veteran status, as applicable.  Direct 
inquiries to Vice Provost, Title IX/ADA Coordinator, Old Main 201, 701-231-7708, ndsu.eoaa@ndsu.edu.

mailto:ndsu.eoaa@ndsu.edu

	_GoBack




Accessibility Report





		Filename: 

		Automated Image-Based Aircraft Tracking and Record-Keeping for Utah Airports_RB_REM.pdf









		Report created by: 

		Nellie Kamau, Catalog Librarian, Nellie.kamau.ctr@dot.gov



		Organization: 

		DOT, NTL







 [Personal and organization information from the Preferences > Identity dialog.]



Summary



The checker found no problems in this document.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 1



		Passed: 29



		Failed: 0







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Skipped		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Passed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top

