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• Light waves are impacted by 
fluctuations in the air’s refractive 
index, known as optical turbulence.
–Optical turbulence causes stars to 

“twinkle” .
• The quality of electromagnetic signals 

is impacted by optical turbulence, 
leading to degraded images.

• Knowledge of the  atmospheric optical 
turbulence helps to improve high-
resolution image quality

Atmospheric Optical Turbulence

Image from University of Dayton Signal & Image 
Processing Lab (https://tinyurl.com/nhkcbn9k)



• Optical turbulence is quantified by the 
refractive index structure parameter 𝐶𝐶𝑛𝑛2,   
given in Bufton (1975) as:

• 𝐶𝐶𝑛𝑛2 = 76 × 10−6 𝑃𝑃
𝑇𝑇2
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– P = Pressure (mb)
– T = Temperature (K)
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–𝐶𝐶𝑇𝑇2 quantifies the thermal turbulence over a 
distance (r) resulting from temperature
differences between points 𝑟𝑟1 and 𝑟𝑟2.

• Methods were developed to estimate 𝐶𝐶𝑛𝑛2 from 
standard meteorological variables.

• One method, defined by Dewan et al., (1993)

– 𝐶𝐶𝑛𝑛2 = 2.8 76 × 10−6 𝑃𝑃
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– Estimates 𝐶𝐶𝑛𝑛2 based on air temperature and 
pressure, as well as the vertical wind shear 
and vertical temperature gradient

Calculations using Thermosonde Temperature Measurements    



• The thermosonde instrument, based on NASA 
designs, measures high-resolution temperature 
differences that can be used to calculate 𝐶𝐶𝑛𝑛2.

• Major Components
– 2 𝜇𝜇m Diameter Platinum Wires
– Graw DFM-09 Radiosonde (XDATA protocol)
– Raspberry Pi Signal Processing Components
– GPS Receiver

• Two thin-wire probes for Wheatstone Bridge 
legs.
– Difference in resistance between the wires 

creates voltage difference at the bridge.
– Voltage difference is a function of the 

difference in temperature between the probes.

Thermosonde Instrument Design



• Calibration conducted based on a November 2017 tethered balloon measurements.
• Root-mean-square voltages from instrument corrected to account for noise floor.
• Corrected voltages are converted to temperature differences.

17 November 2017 Instrument Calibration



• Thermosonde package suspended 
55 m beneath a balloon.
–Long tether used to reduce the 

effect of thermal balloon wakes 
on the measurements.

• High altitude balloon carries 
instrument through the atmosphere 
and descends after balloon burst.

• Initial flights testing conducted at 
the University of North Dakota 
Glacial Ridge Atmospheric 
Observatory

Balloon Flight Operations



• Thermosonde measured temperature differences with resolution of 0.02 K.
• Slight increase in temperature differences below the tropopause.
• 𝐶𝐶𝑛𝑛2 from the thermosonde highest near the surface.
• Radiosonde-estimated 𝐶𝐶𝑛𝑛2 compares well with thermosonde-observed 𝐶𝐶𝑛𝑛2.

5 May 2018 Thermosonde Balloon Flight



• The thermosonde was restructured to increase measurements sensitivity.
• Instrument connection was lost at ~6 km.
• Larger temperature difference variations were observed compared to previous flight.
• Radiosonde-estimated and thermosonde-observed 𝐶𝐶𝑛𝑛2 agree; however, radiosonde 𝐶𝐶𝑛𝑛2 has higher variations.

4 May 2019 Thermosonde Balloon Flight (Mayville)



• A thermosonde instrument was built to study 
atmospheric optical turbulence

• Profiles of the refractive index structure 
parameter (𝐶𝐶𝑛𝑛2) observed by the thermosonde 
compare well with radiosonde-based 
estimates of 𝐶𝐶𝑛𝑛2

• The instrument designed in this study can 
serve as a prototype for future systems to 
routinely observe atmospheric optical 
turbulence profiles when coupled with 
radiosondes

Conclusions
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