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by a sudden change in temperature and moisture content over a small distance of less than 1 m,
which translated to less than 1 s of sensor measurement time. Calibrated and validated mobile mesonet
platforms were present on both sides of the shock to serve as references. In contrast to sensor oil baths
which can be used to evaluate sensor performance, the experiments enabled evaluation of the impact
of sensor siting and platform motion/attitude as well. The experiments were modeled off of those
used previously to evaluate sensor response characteristics associated with the u-tube sensor shield
for mobile mesonets [29].

Figure 10. Validation experiment (a) arrangement and (b) sample test. Upstream and downstream
conditions were carefully monitored and the thermodynamic shock created by rapidly opening the
door prior to system test.

Multiple transits across the shock were performed during the exercise with the sUAS
approximately 1-2 m off of the ground. An example of temperature from a fast response sensor
(Figure 11a) along with temperature (Figure 11b) and relative humidity (Figure 11c) from an iMet
sensor package mounted on a multi-rotor sUAS flown across the shock illustrates the magnitude of
the pseudo discontinuity. The results also illustrate the impact of sensor response errors on relative
humidity: the spike in relative humidity (Figure 11c) is likely a consequence of the damped temperature
response relative to the more rapid response of the sensor to changes in moisture content [30]. Thus,
across a shock characterized by increasing temperature and increasing moisture but decreasing
relative humidity, the slower temperature response yields an anomalously cool temperature and thus
anomalously high relative humidity. Correcting the relative humidity following previous experiments
not only removes the spike (Figure 11d) but also brings the relative humidity on either side of the shock
into better agreement with the reference values [31]. Please note that the decrease in relative humidity
and increase in temperature between 21:31 p.m. and 21:32 p.m. is a consequence of rotor-driven mixing
of the initially stratified air within the bay.

Additionally, tests were conducted at the University of Oklahoma in a controlled chamber
to evaluate the optimal placement of temperature sensors on a rotary-wing aircraft, namely the
OU CopterSonde. Typically, thermistors require aspiration to make representative measurements of
the atmosphere. A collection of thermistors along with a wind probe were mounted to a linear actuator
arm. The actuator arm was configured such that the sensors would travel underneath the platform into
and out of the propeller wash. The actuator arm was displaced horizontally underneath the platform
while the motors were throttled to 50%, yielding a time series of temperature and wind speed which
could be compared to temperatures being collected in the ambient environment. Results indicate
that temperatures may be biased on the order of 0.5-1.0 C and vary appreciably without aspiration,
sensors placed close to the tips of the rotors may experience biases due to frictional and compressional
heating, and sensors in proximity to motors may experience biases approaching 1 C. From these trials,
it has been determined that sensor placement underneath a propeller on a rotary wing sUAS a distance
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of one quarter the length of the propeller from the tip is most likely to be minimally impacted from
influences of motor, compressional, and frictional heating while still maintaining adequate airflow [28].
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Figure 11. Calibration-validation experiment results. Reference conditions are denoted in blue.

4. Conclusions

sUAS are quickly becoming a viable option for routine and accurate observations in the ABL,
albeit with caveats. The aim of flying robust, lightweight atmospheric sensors on UAS to monitor
atmospheric conditions including PTH and wind speed, air quality, investigate pollution sources,
and determine real-world exposures to gases of concern near or at ground level has been demonstrated
as a primary goal of the CLOUD-MAP flight campaigns. Measurements of this type can contribute a
detailed inventory for the profile level of thermodynamic and kinematic parameters, trace gases in the
lower troposphere. Data collected onboard UAS during all flights are paired with GPS data to build
up maps of conditions in the ABL.

A wide range of atmospheric science applications can benefit from sUAS. Several these applications
serve as the focus of the seven CLOUD-MAP science themes. Under each theme, end-to-end
research is being executed that advances basic understanding, identifies open questions and testable
hypotheses that emerge from this basic research, defines the sUAS design required to answer these open
questions, and begins to evaluate the concept of operations necessary to use sUAS to enable discovery.
One example of this end-to-end approach can be illustrated by the convection initiation (CI) component
of CLOUD-MAP. In this component, basic research is underway to understand the multi-scale
interactions that lead to the initiation of deep convection. For example, CLOUD-MAP-supported
research has revealed that, in the vicinity of airmass boundaries, meso-beta-scale diurnal modification
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of the ABL can manifest in meso-gamma-scale regions that are thermodynamically favorable for
CI [32]. Moreover, even absent diurnal evolution to the ABL, the vertical profile of winds (even when
exhibiting mesoscale homogeneity) can interact with airmass boundaries to produce micro-alpha- to
meso-gamma-scale heterogeneities that can be kinematically favorable for CI [33]. These results, along
with a growing body of primary research on CI highlight the need for high-fidelity observations of the
“rapidly” evolving thermodynamic and kinematic fields around airmass boundaries. The configuration
of sUAS required to realize these high-fidelity observations of ABL both with and without airmass
boundaries has been the focus of additional work supported by CLOUD-MAP [34]. Further work has
explored how sensor placement on multi-rotor aircraft impacts measurement accuracy [35]. With a
clearer picture of open questions and required system configuration, plans are underway to evaluate
the concept of operations for field research focused on CIJ, e.g., Lower Atmospheric Process Studies at
Elevation—a Remotely-piloted Aircraft Team Experiment—LAPSE-RATE - a field campaign scheduled
for July 2018 in Colorado coordinated by the International Society for Atmospheric Research Using
Remotely-Piloted Aircraft ISARRA). ding of the environmental conditions that support or inhibit CI
along with optimized system configuration are leading to an improved concept of operations for the
distributed and targeted surveillance of the atmosphere for improved CI prediction.
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