
April 24, 2018 

 
 
 
Evaluation of three technical 
modifications that will significantly 
improve the application of small UAS 
technologies 
 
 
 
 

ENS Jacob Barbaro, LTJG Hollis 
Europe, Dr. Wayne Perryman 

Presenter
Presentation Notes
The technology readiness of unmanned aircraft systems (UAS) and autonomous water vehicles (AUV) for robust operations has been rapidly increasing during the last decade.  This progress can be attributed in large part to U.S. military systems . Additionally, Federal agencies such as National Aeronautic and Space Administration, National Ocean and Atmospheric Administration, National Science Foundation, US Geological Survey, and the US Forestry Service have been demonstrating the viability of unmanned platforms as civilian scientific observing systems.   The hurdles of unmanned access to national and international air space will also be diminishing as governing policies and regulations are implemented during the next few years.
As unmanned observing systems are becoming routine components of scientific field experiments, the time has come to “plan for the success” of these robotic systems within an optimized operational observing strategy providing critical information for warnings and forecasts of high impact weather and disasters.   Unmanned observing systems can provide increased range, endurance or data resolution when targeted adaptive strategies are needed to complement current operational observing systems.   Unmanned observing systems could be especially effective filling critical data gap associated with high impact weather systems, such as hurricanes, developing and intensifying in data void regions of the ocean.  This presentation will discuss a concept for an interagency operational test program with a goal of improving 5-7 forecasts of high impact oceanic storms starting in 2015.   The ultimate mission of the test program will be to facilitate timely operational transition of unmanned observing strategies which have been maximized for measurable societal benefit, scientific return, cost-effectiveness, and operational efficiencies.  
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Mission Concept Review  

Summary: 
The APH-22 is an already proven platform for 
photogrammetric research and aerial surveys.  With the 
addition of 3 new pieces of equipment, the SWFSC 
UAS lab seeks to improve the capabilities and 
usefulness of the platform.  These are:  Gimbal, Laser 
altimeter, modified APH-22 breath sampler. 



6 

Mission Objective:  Laser 
Altimeter 

• Accurate altimetry reading is important for 
photogrammetric accuracy. 

• Distance from surface of water is difficult to estimate 
due to tidal range.  UAS reads altimetry in distance 
above Mean Sea Level (MSL) and distance above the 
take off point. 

• Laser altimetry is necessary to determine the exact 
distance above animals at the water’s surface. 
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Mission Goal:  Laser 
Altimeter 

• LightWare SF11/C 
• Incorporate laser altimeter data into on-board flight 

control system/data recorder 
• Demonstrate laser altimeter accuracy over ground 

using known target size 
• Demonstrate laser altimeter accuracy over water by 

ground-truthing with floating calibration targets 
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Risk Assessment:  Laser Altimeter 

Technical:  2,3 
 
Cost:  1,1 
 
Schedule:  2, 3 
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Mission Objective:  Gimbal mount 

• Pitch and roll angle of the hexacopter causes 
exaggerated images since the camera is not 
constant. 

• Images that are skewed in this manner are less 
useful to for photogrammetry since they cannot be 
measured as accurately. 

• A motorized gimbal mount for the Olympus EPM-2 
will smooth video feeds and keep the camera angle 
relative with the water’s surface constant. 
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Mission Goal:  Gimbal mount 

• Brushed motor gimbal built by Aerial Imaging 
Solutions incorporated seamlessly with existing APH-
22 software. 

• Demonstrate efficacy of motorized gimbal on ground 
targets of known size while flying at steep approach 
angles. 

• Determine gimbal’s improvement of video feed during 
maneuvers vs a solidly mounted camera. 
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Risk Assessment:  Gimbal 

Technical:  2,2 
 
Cost:  2,1 
 
Schedule:  2, 3 
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Mission Objective:  Breath 
Sampler  

• Cetacean breath sampling can be done more 
effectively from a drone than traditionally from a boat. 

• Drone breath sampling is both easier for the 
scientists and safer/less stressful for the animals. 

• The APH-22 has been used to collect breath 
samples, but a more water resistant hexacopter will 
be required for continued use. 
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Mission Objective:  Breath 
Sampler  

• “Anita” class APH-22 variant being designed by 
Aerial Imaging Solutions 

• Standard APH-22 hexacopter with a water resistant 
composite body shell 

• Demonstrate acquisition of useable amount of breath 
sample using hexacopter and quadcopter 

• Determine if significant difference of breath sample 
collection exists between the hexacopter vs 
quadcopter 
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Risk Assessment:  Breath Sampler 

Technical:  2,3 
 
Cost:  2,2 
 
Schedule:  2, 3 



15 

Proposed Schedule / Flights 

—Breath Sampler 
• Preliminary laboratory smoke tests May 24 and 25 
• Field tests TBD 

—Gimbal 
• Ground tests over targets of known size at Descanso 

Ranch 
• June-July 2016 

—Laser Altimeter 
• Ground tests and calibration at Descanso Ranch (Fall 

2016) 
• In field testing in Antarctic (Fall – Winter 2016-2017) 
• In field testing during gray whale survey (Spring 2017) 
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GENERAL CONOPS 

Trained flight team consisting of one pilot and one 
ground station operator (GSO). 

After calibration, hexacopter takes off while being held 
by GSO.  This allows for a more stable take off 
platform while aboard vessels and moves the 
hexacopter away from the ground/deck. 

GSO monitors real-time video feed and telemetry data 
from hexacopter, including:  GPS status, battery 
voltage, magnetic heading, altitude, and distance 
over ground. 
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GENERAL CONOPS (cont’d) 

Pilot responsible for controlling aircraft, performing 
operations, and maintaining safe flight attitude.  Must 
maintain visual contact with aircraft at all times. 

Flights are ended when battery voltage reaches 14.5v 
to allow ample time for landings. 

Landings are done manually with the GSO used to 
“catch” the aircraft, rather than landing on the 
ground/deck. 
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Performance Metrics 
 

APH-22 
Modification 

Current 
TRL 

Performance Metric Anticipated TRL 
if Metric 
Achieved 

Laser 
Altimeter 

6 Obtain accurate altitude 
consistent with ground truth 

7 

6 Successfully integrate into 
flight system 

7 

Gimbal 6 Demonstrate ability to 
stabilize camera feed 

7 

6 Successfully integrate into 
flight system 

7 

Breath 
Sampler 

6 Successful flight test in Jamul 
testing grounds 

7 

6 Successful collection of 
cetacean breath sample 
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