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Motivation

 The weather services have stressed a desire
for more “cal/val” regarding UAS observations
and we as a community should respond.

 We need to be able to characterize the error
of our UAS observations for data assimilation
and impact studies ... and for our own science
objectives.



Objectives

Conduct a validation study of the wind estimates
produced by the Paparazzi autopilot system

Use data from the BLLAST experiment for the comparison

Provide a background to allow a statistical comparison of
the various methods of estimating the wind.

Relevant references for the presentation

— A ‘no-flow-sensor’ Wind Estimation Algorithm for Unmanned
Aerial Systems, Mayer et al., 2005

— Comparison and application of wind retrieval algorithms for
small unmanned aerial systems, Bonin et al., 2013
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1) The BLLAST field experiment: Boundary-Layer Late Afternoon and Sunset
Turbulence, Lothon et al., 2014.



Overview

e Data used from the BLLAST campaign
e 22 days of SUMO data from 13 June — 7 July used
— Typically multiple flights per day
— Some transects and some profiles
 Compare wind estimates from SUMO with
— Tethersonde
— UHF wind profiler
— Radiosondes



SUMO:

Small
Unmanned
Meteorological
Observer

Temperature Sensiron SHT-75 -40-124 C
Humidity Sensiron SHT-75 0-100%
Temperature PT 1000 Heraeus M222 -32-96C
Pressure MS 5611 300 - 1200 hPa
Surf. Temp. MLX90614

3-D Flow Vector 5-Hole Probe Aeroprobe 11-35ms?

+0.3C
+2%

+0.2C

+0.1 mst

2 Hz

2 Hz

8.5 Hz

4 Hz

8.5 Hz

100 Hz



Tethersonde

Temperature 0.1C 0.1C 0.2s
Humidity 0.1% 2% 0-100% 0.5s
Pressure 0.1 hPa 0.4 hPa 500 — 1080 hPa

Wind Speed 0.1mst? 0-20mst

Wind Direction 1° 0-360°



Overview of SUMO - Tethersonde
Wind Comparison

Date ______[Profiles _____|Suitable Profiles

June 19 4 3
June 20 3 2
June 24 7 5
June 25 6 5
June 26 6 3
June 27 4 3
June 30 8 5
July 01 7 0
July 02 3 2
July 05 4 4

32 Flights for Comparison



30 June 2011
Site 1 & IOP
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SUMO Wind Estimation

* SUMO wind estimation obtained using the no-
flow optimization routine?

* Similar to native Paparazzi wind estimate
* Update time of estimate about 10 s

* Provides best estimates when aircraft
operated according to a prescribed circular
flight plan, e.g., helical ascent / descent.

1) A ‘no-flow-sensor’ Wind Estimation Algorithm for Unmanned Aerial Systems, Mayer
et al., 2005
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Separate and Average data

* Separate data into ascent and descent legs

* Average samples to a regular grid spacing in
steps of 50 m

* Overlay with tethersonde data
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Application of Data Filter

 Match SUMO and tethersonde data by time
and height

e Data match if both conditions satisfied

— Tethersonde data correspond in height to one of
the SUMO height grids

— Tethersonde data within +30 s of a SUMO
observation
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02 July 2011
Site 1 & IOP
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24 June 2011
Site 1 & IOP
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UHF Wind Profiler

Frequency: 1270 MHz

Peak power: 4 kW

Beams: 5 with 75 m resolution and an 8.5° beam width
Off vertical beams: 15° from zenith

Temporal resolution: ~5 min




30 June 2011
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24 June 2011
Site 1
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Analysis of these data is a work in progress



Summary

BLLAST data are being used to validate the wind estimates
obtained from SUMO flights using the no-flow algorithm

We have begun comparing SUMO wind estimates with wind
data from a tethersonde and a UHF wind profiling radar

The measurements show that there can be considerable
variability in the wind speed during a single SUMO flight

No statistical values are available yet, but the early results
suggest that the SUMO wind estimates agree with those from
other instruments

More analysis is needed.




