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EPIC Outline 

• Environmental Profiling and Initiation of Convection 
– Radar, weather balloons, and mesonets provide wealth of 

atmospheric information 

– However, minimal capability to sample in the lower 
atmosphere (approx. 10-1000 m) 

– EPIC investigates feasibility of integrating UAS 
measurements into NWS forecasting 

– Phase I: October 29-30, 2016 

– Phase II: May 9-18, 2017 

• Joined by University of Oklahoma (CopterSonde), 
Meteomatics (Meteodrone), and National Severe 
Storms Laboratory (CLAMPS and Mobile Mesonets) 

• Focused on technology demonstration as opposed to 
science mission 
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EPIC Outline 

• Mesonet towers 10 m tall measuring PTH and wind (among 
other measurements) are located throughout Oklahoma  

• TTwistor flew transects between Lamont and Medford (Phase I) 
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EPIC Outline 
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• Mesonet towers 10 m tall measuring PTH and wind (among 
other measurements) are located throughout Oklahoma  

• TTwistor flew transects between Lamont and Medford (Phase I) 

 
 

 

 



CU TTwistor  

• Dual propeller evolution of the CU Tempest 
– Dual motors increase payload for batteries 

– Moving props outboard allows instruments to be installed 
in the nose, increasing instrument safety and accuracy 

• Approximately 3 hours flight time at 18 m/s 
– Two 9,000 mAh, 6 cell, Li-HV 

– Generally 75-150 miles (120-240 km), depending on wind 
conditions 

– Approval to fly to 760 m AGL 

• Greater than 40 m/s max airspeed 

• “Follow-me” capability with the autopilot 
– Continually follows the Tracker vehicle 
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TTwistor Instruments 

• Aeroprobe MHP: 
– Measures V∞, α, β 

– Combined with attitude estimate to transform to inertial 
winds 

• Vaisala RS-92 
– Pressure, temperature, humidity (PTH) 

– Typically used for radiosondes 

• Vectornav VN-200 
– Inertial navigation system (INS) provides estimate of 

attitude and position 

• Pixhawk Autopilot 
– Provides own attitude estimate used for guidance 

– Attitude combined with pitot-static measurements to 
produce wind estimate 
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TTwistor Instruments 
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MHP RS-92 



Bungee Launch 
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Car Launch 

 
 

 

9 



Wind Sequence 

• Inertial velocity, 
orientation, angular 
rates and relative 
wind combine for 
wind measurement 
– Also requires offset 

between INS 
instrument and 
MHP 

– Flexing term is set 
to zero 
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Wind Error Sources 

• Relative wind measurement 
– Airspeed 

– Flow angles 

– True airspeed correction 

• State Estimate 
– Angular rates 

– Orientation 

– Velocity 

• System 
– Flexing 

– Time offset between sensors 

– Local flow effects 
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Flight Results 
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Airspeed/GPS Discrepancy 

• Airspeed should match mean of peaks/troughs 
– 18% error in this set of orbits  

• Able to apply airspeed correction based on groundspeed 
– Requires multiple airspeeds 

– Determine scale factor for errors, and apply to airspeed measurements 
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Yaw Dependency 

• Wind should be independent of yaw (assuming steady wind) 
– Possibly due to airspeed, yaw, or timing errors 

– Sinusoid method used to verify small angle errors between MHP and IMU  
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Flight Results w/Corrections 

• Corrections applied improve accuracy of winds from MHP 

• Great agreement with Pixhawk estimate and SGP tower 
– Pixhawk does not estimate vertical component 
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TTwistor Accomplishments 

Real-time streaming of PTH and Pixhawk wind 
estimate to NWS forecasters 
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Conclusion 

• TTwistor offers a vast improvement over the 
previously used Tempest, in terms of endurance 
and instrument safety 
– Continuing to improve “follow-me” 

– Demonstrated ability to perform transects between 
mesonets while rotorcraft perform soundings 

• Improved accuracy after applying airspeed 
correction  

• More work to understand why MHP is 
experiencing such large errors 
– Under-reports in flight, but over-reports in wind tunnel 

testing 
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Questions? 
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