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Overview 
• Goals for platform development  

• UAV types 

• Challenges in using UAVs 

• Use of new generation lightweight sensors 

• Platform development and testing 

• Key features as a sampling platform 

• Demonstrated uses 

• Advanced sampling techniques in development 

• Future developments 
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Goals for platform development 
• Replace tethered and/or free-flight sampling 

techniques 

• Provide a stable, high precision X-Y-Z 
platform, for sample collection 

• Provide adequate flight time for various 
integrated and time series data collection 
missions 

• Provide real-time data links and imaging 

• Develop autonomous methods for sample 
collection 
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UAV Types 
• Fixed wing 

– Larger payload 

– Must remain in X-Y motion 

– No hover sampling mode 

 

• Multi-rotor 
– Smaller payload 

– Sampling in motion or fixed 

– Extremely stable positioning 

Bad PR and costly 

Relatively inexpensive 

Our choice based on development platform 
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Challenges in using UAVs 
• Public Perception 

– Privacy concerns driven by emotions 

– The word “DRONE” has a real negative first impression 

– For acceptance as a research tool, showing the benefits are essential 

 

 

 

 

 

• FAA Restrictions 

• Technical 
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Challenges in using UAVs 
• Public Perception 

• FAA Restrictions 
– Aviation interference is a primary concern 

– Safety and protection of property is driving additional concerns 

– Hobbyist flight rules currently govern the use of small UAVs and legally limit 
the commercial use unless a COA is obtained 

 

 

 

 

 

• Technical 

Model aircraft Drone 

Recreational flying Commercial flying 
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Challenges in using UAVs 
• Public Perception 

• FAA Restrictions 

• Technical 
– RF sensitivity of components can create flight issues with shielding needed to 

minimize the effects 

– UAV electronics and RF may interfere with some instruments that are not well 
shielded 

– Vibration effects can impact some instruments 

– Technology explosion from overseas provides very capable systems but with 
very limited and/or incomplete documentation  
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Use of New Generation 
Lightweight Sensors 

• Meteorological measurements 

– Temperature, relative humidity, pressure, winds (using GPS) 

• Continuous gas measurement 

– Ozone and other gases 

• Particulate matter measurement 

– Filter based 

– Real-time 

• Integrated gaseous sampling 

– Sorbent tube for VOCs and multiple integrations 

– Canister sampling, but limited by canister weights 
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Platform Development and Testing 

• Platform development 
– Commercially available platform as a foundation 

– Carbon fiber, aluminum and stainless steel hardware 

– All electric to minimize emissions and vibration 

– Vibration dampening components for videography and 
stability of sampling components 

• Initial tests 
– Over 700 meters for meteorological soundings 

– High winds > 10 m/s to 300 meters with gas sampling 

– Flight times to 30 minutes 
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Key Features as a Sampling Platform 

• Lightweight design for easy portability 

• Quick setup and deployment 

• Automated retrieval in the event of flight control failure 

• 2-3 pound payload capacity 

• Flight time up to 30 minutes depending on payload 

• Accurate GPS positioning with pressure-altitude 

• Real-time telemetry of key information 

• Real-time video broadcast with data overlay 

• High definition video documentation 

• Relatively large equipment mounting platform 
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Key Features as a Sampling Platform 
• Real-time telemetry of key information 

• Real-time video broadcast with data overlay 

Flight battery voltage 

Distance (m) 
from launch 

Height (m) 
above ground 

Flight 
Control 
Mode 

Pitch and roll 

Vertical 
ascent rate 

GPS 
Satellites 

Aircraft speed Artificial horizon 
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Demonstrated Uses 
• Ozone sampling using a KI ozone sampling system 

– Performed during high winds (>10 m/s) – well mixed 
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Demonstrated Uses 
• Ozone sampling using 2B Personal Ozone Monitor 

Morning NO emissions quenching 

ozone at the surface 

Temperature 

inversion 

Isothermal 

Layer 

Another Inversion 

Ozone 

Layering 



Technical & Business Systems, Inc. PRIVATE UNPAVED ROADS SURVEY 

2014 National Ambient Air Monitoring Conference 

Advanced Sampling Techniques in 
Development 

• Remotely triggered sampling events 

• Pre-programmed flight paths and waypoints 

• Wind measurements using GPS stability control with 
measured pitch and roll 

• Wind measurements using platform drift (gyro stabilization 
only) 

• Real-time telemetry of measurements for sampling strategy 
modification 

• Plume profiling with real-time displays 

• Fence-line monitoring 
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Future Developments 
• Evolving FAA rules defining operational requirements hopefully 

by 2015  

• New ASTM standards for small Unmanned Aircraft Systems 

• Telemetry and real-time display development 

– Arduino based systems for data ingest and sampling control 

– Data overlays on the first-person view 

• Data logging 

– Evaluation of existing systems for applicability 

– Development of hybrid logging and control systems 

• Measurement sensor evaluations 

– RF field generated by UAV electronics  

– Vibration sensitivity and minimization through dampening 

– Motion effects on sensors 
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