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The Future of Flight: Advanced Air 
Mobility



Advanced Air Mobility 
Mission

Safe, sustainable, affordable, and accessible aviation for transformational local and intraregional missions



Perception
Building an accurate and detailed understanding 

of the state of the vehicle and its surrounding 
environment
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Aviation accidents in which fog plays a major role, 
often prove fatal. [flightsafety.org]

Each year, around 440 people are killed due to 
weather-related aviation accidents including the 
conditions of low visibilities and ceilings. 
[weather.gov]

Obscured By Fog



Perception Testbed
FLIR Boson – Longwave 
Infrared Thermal Camera

FLIR Blackfly – Visible 
Spectrum Camera

AEye Intelligent 
LIDAR



SNL’s Fog Chamber
A 180’ long, 10’ tall, 11’ wide controlled-fog 
environment for sensor testing. Mimics the 
composition and particle size of costal fog.



Test Variables
Controlled Variables:
• Distance from testbed
• Target temperature
• Chamber lighting
• Targets: 

human, UAV, resolution target

Uncontrolled Variables:
• Air humidity
• Air temperature

Blackbody

Resolution Target

UAV Motor Thermals

“Calibrated” NASA Engineer



Testbed Data (24 total tests)
• Longwave IR images (.tff) files
• Vis, Camera images (.jpg) files
• LIDAR Data:

• Thumbnail images (180x90 pixels)
• LIDAR data (.csv) files

Fog Characterization Data
• Fog particle sizing
• Transmissometer Data

Data Elements



Visible Spectrum

1951 USAF Resolution Test Chart Human in the Fog UAV on Test Stand
(red and green navigation lights)

FLIR Blackfly: Model: BFS-U3-50S5C-C
• 5.0 MP, resolution 2448x2048, 
• 35 FPS, Sony IMX264, CMOS Color

• FoV: 32° horizontal, 24° vertical @15mm focal length (60’ Hx44’ V @ 100’)
• Blackfly lens: Fujinon 15mm 50mm 1/3 inch CS mount lens



1951 USAF Resolution Test Chart Human in the Fog UAV on Test Stand
(motors are hot)

FLIR Boson: Boson 640
• 640x512 pixels, 
• Longwave infrared; 8 µm – 14 µm
• 60 Hz baseline FPS

• Scene Temperature Range 140 °C 
(high gain) to 500 °C (low gain)

• Boson lens: 73 mm lens, 6° FoV

Longwave Infrared



1951 USAF Resolution Test Chart Human in the Fog UAV on Test Stand

LIDAR

Aeye LIDAR - 4Sight M
• Field of View: 60° x 30° baseline
• Angular Res.: 0.1° horiz. & vert

• Frame Rate: upto 200hz
• Range: up to 1000 m



Website w/ Data & Documentation:
https://workshops.larc.nasa.gov/RAM_Fog_Test/



Experiment Matrix Data Snapshot: Visible Spectrum, 
Longwave Infrared, LIDAR

Environment: Meteorological Optical Range, Transmissometer 
Values at three frequencies, Liquid Water Content of fog.

Documentation



Spatial Resolution in Fog

MTF

Target

No fog 
Or light fog

Denser fog

• Modulation Transfer Function (MTF)
• Point Spread Function (PSF)

PSF



Spatial Resolution Metrics

Average to get line profile

Select Bars

Get min and max to 
calculate contrast

Repeat for each bar set

CTFH - Horizontal bar set
CTFV – Vertical bar sets

US Air Force 1951 tri-bar target

1. Contrast Transfer Function (CTF) 
2. Area Under the Curve (AUC)



High Pass Filtering

Removed ~2.6% of low frequency info 
• Removing Low Frequency Information 
• Sharpening the Image



Bilateral Filtering
[1]
• Edge Preserving non-linear filtering technique
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https://dl.acm.org/doi/abs/10.1145/566570.566574


Contrast Enhancing

Histogram Equalization



Spatial Resolution of Filtered Images



Website w/ Data & Documentation:
https://workshops.larc.nasa.gov/RAM_Fog_Test/


