Design Concept and Feasibility Analysis for Conducting Fog Abatement Using Unmanned Aircraft Vehicles
Michael Willette, David Delene, and Marwa Majdi
University of North Dakota, Department of Atmospheric Sciences

Introduction Fog Climatology Observations: UAV

Fog has adverse effects on the aviation industry by altering near-surface visibility. The recent emergence Mist and Fog Occurrences at KGFK (1989-2019) |
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Lease and Zeigler (1972) o DS3231 RTC: Real-time clock module

RPi UPSPack: Uninterruptable Power
Supply expansion board for battery

Instrumentation and Hardware

Objectives

Determine the potential for a UAV fog abatement project in the Red River Valley of North Dakota.
1. Design how a fog abatement project would operate using a small UAV . . .
2. Evaluate the feasibility of conducting fog abatement at a Red River Valley airport = : _ ' Data Visualization
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Mist and fog occurrences from various eastern North Dakota weather stations from 1989-2019
display both seasonal and diurnal trends. (From top left to bottom right: Grand Forks Airport,
Hector International Airport, Jamestown Regional Airport, and Grand Forks Air Force Base.) Chg P _ : . S [
Hydrometeor-instigated low visibility potential increases during the winter months and peaks | * " : ' Temperature
during the month of March coincident with snowmelt. Occurrences reach a maximum of 12 events n
£ during the morning hours of March, indicating up to a 40% chance of yearly occurrence.
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To provide an initial framework for project methodology on fog abatement operation, initial research KUWFi Bridge ~[a-—— » 3 3 Wind Direction 68
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* Procure an UAV capable of low visibility and supercooled flight maneuvers KuWFi PoE

Power In Adapter KuWFi Bridge Anemometer
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De.t.ermlne optl.mal mtervals' of potential for UAV fog abatement operatlon.s PoE S . e . Data visualization through the Grafana open-source observability platform in a real-time format.
» Utilize appropriate observational procedures, both on a surface-based station and on the UAV — sl == s

* Implement real-time visualization of data Adepter 0

KaWFi PoE Seral nerface e e e e e e Two snow events were recorded by the surface-based station on April 17t and 18™, 2022, resulting
o ’ in reductions of visibility below 1.0km.
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The drone and licensed pilot are both provided by Weather Modification International. A large Mo - 4 P | Be O T As the climatological peak in fog potential approaches, UAV test flights plan to pursue various
hexacopter airframe with integrated water ingress protection allows for functionality with required ' e | ¥ . missions within low visibility: |
payloads. The UAV has Federal Aviation Administration (FAA) approval to fly in visibilities below 0.25 : e

statute miles and up to 400ft AGL during daytime hours. FAA approved airspace is located at Ice : B, > | — UAV hovering maneuvers adjacent to surface-based station
Crystal Engineering (ICE) headquarters in Kindred, ND, about 21 miles southwest of Fargo, ND. Grafana = 1 A - g i = for instrumentation comparisons

Vertical maneuvers to examine the profile of fog layers,
particularly for cloud tops

Horizontal maneuvers to explore UAV longevity

Observe icing/riming effects on UAV within supercooled fog
Utilization of supplementary instrumentation (radiosondes)
within low visibility UAV missions
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R.M. Young Anemometer: Measures wind Raspberry Pi 4B: Runs data acquisition
: 1620mm : : :
Diameter (5.3ft) speed and direction programs and stores data for instruments
IMet-XQ2: A UAV-designed 12 V AC/DC Adapter: Power adapter for
temperature/humidity sensor MiniOFS separate from Raspberry Pi 4B
Payload up to 6kg MiniOFS: Optical sensor that measures Serial Interface 32400: Interface that converts
Flight Time (4kg Payload) 32.5min visibility, solar irradiance, and extinction Young Anemometer analog signal to digital

Flight Time (6kg Payload) 28 9min coefficient KuWFi Bridge: Internet source, one half of

_ CHORDS: Web server and database for real- bridge on the station and other inside ICE Acknowledgements
Batteries (4) (8 total) 30,000mAh : T
time distribution headquarters

Chargers (2) IBA Grafana: Open-source observability platform Camera Module: Raspberry Pi 4B camera Fund.lr'lg f(?r this Iocat!on is prowde'd .through the RAPID NSF .Fog grant 2}47.125. We thank Weather
: . : . . : Modification International for providing the UAV and Alex Sailsbury for piloting the drone. We thank
. iMet-XQ2 for real-time data visualization attached inside internal housing ) : , e
Instrumentation MiniOFS Charlie Harper (Ice Crystal Engineering) for providing airspace and ICE headquarters access.

Max Takeoff Weight 25kg
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