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As"sUAS"are"already"being"flown"in"close"proximity"to"cetaceans,"
working"with"our"partners"at"Olin"College"of"Engineering"we"
wanted"to"evaluate"the"potenAal"impacts"of"sUAS"flights"over"
whales"&"develop"a"new"benign"research"tool."""
""
""
"

DEVELOPMENT)

PHOTOGRAMMETRY)
In" Patagonia"we"also"flew"an"APHG22"Hexacopter"belonging"
to"Drs"Moore"&"Durban."They"are"using"the"APHG22"to"assess"
size"and"body"condiAon"of"whales"using"photogrammetry.""
"
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•  We)collected)22)EBC)samples)&)1,220)photographs)of)
57)whales.))

•  Whilst" focused" on" blow" collecAon," we" learned" a" lot"
about"our"protocols"&"machines.""

•  With" that" knowledge"we"are" conAnuing" to" refine"our"
methodologies"&"upgrade"our"equipment."

"
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TePRA"InternaAonal"Conference"on"Technologies"for"PracAcal"Robot"ApplicaAons."11G12"
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•  APH]22)Hexacopter."
Designed"and"built"by"
Aerial"Imaging"SoluAons."
Weight=4lbs,"
Measurements=32’’."
Max."flight"Ame=35mins."

""
•  Tornado)H920."

Developed"by"Yuneec."
Weight=5.48lbs."
Measurements=36.2’’."
Max."flight"Ame=38mins."
Max."horizontal"
speed=21m/s.""

"
•  Typhoon)Q500)4K.)

Developed"by"Yuneec."
Weight=2.5lbs."
Measurements=22.2’’."
Max."flight"Ame=20mins."
Max."horizontal"
speed=8m/s.""

APH]22)
flights)

Typhoon)
flights)

Tornado)
flights)

Photogrammetry)
images)

Breath)
Samples)

Day"1" 2" 0" 0" 10" 0"

Day"2" 2" 0" 0" 83" 0"

Day"3" 7" 4" 0" 313" 0"

Day"4*) 0" 6" 0" 0" 3"

Day"5" 5" 4" 1" 213" 3"

Day"6" 6" 7" 0" 258" 4"

Day"7*) 0" 0" 2" 0" 0"

Day"8" 8" 14" 0" 343" 7"

Day"9*) 0" 0" 2" 0" 0"

Day"10" 0" 8" 0" 0" 5""

Total" 30" 43" 5" 1220" 22"

EBC)CollecSon)Protocol)
"
•  CollecAon" devices:" OffGtheGshelf" models:" " Yuneec"

Typhoon/Tornado" sUAS" equipped" with" a" collecAon"
arm" holding" 160mm" &" 100mm" sterile" Petri" dishes"
and"sterile"glass"wool."

•  3"or"4"person"crew,"3"ideally"for"EBC"collecAon"(pilot,"
launch/retrieval,"sample"processor)"&"boat"driver."

•  Unit"wiped"down"with"alcohol," scienAst"&" launcher"
wearing"masks"&"gloves."

•  sUAS"launched"and"recovered"by"hand,"from"both"a"
research"vessel,"a"4.1"m"inflatable"and"the"beach."

•  Flight" data/video" shown" on" pilot’s" screen" during"
flight" (height" above" water/distance" from" pilot/
direcAon"of"sUAS/flight"Ame"remaining)."

•  Flight"Ame"restricted"(conservaAvely)"to"20"minutes."
•  On" retrieval," EBC" either" pipeged" using" sterile" filter"

pipege" Aps" and/or" Petri" dish" wiped" with" sterile"
supor"filter."

•  Samples" frozen" in" liquid" nitrogen" or" transported" in"
cooler"to"be"processed"on"land"&"then"frozen."

•  Water"&"air"samples"collected"as"control"samples."

Data" collecAon" on" large" whale" physiology" can" be"
compounded" by" small," unpredictable" sample" sizes"
(sloughed" skin/faecal" mager)," invasive" (biopsy/close"
approach)"procedures"and"expensive"and/or"dangerous"
methodology"(aerial"surveys).""
"
"
"

The" potenAal" future" applicaAons" of" sUAS" are" both"
diverse" and" exciAng;" avenues" we" are" currently"
exploring"include:"
"
•  ApplicaAons"relaAng"to"detecAng/tracking"&"

observing"cetaceans."sUAS"could"significantly"
improve"data"sets"whilst"dropping"costs."PotenAal"
applicaAons"in"studying"movement/spaAal"
distribuAon/populaAon/foraging"ecology/
behaviour/predatorGprey"interacAon"etc."

"
•  Infrared"cameras,"giving"us"the"opportunity"to"

study"cetaceans"at"night."Infrared"could"also"be"
used"to"detect"&"esAmate"the"severity"of"
infecAons/wounds"on"individual"animals."

"
•  Rapid"and"costGeffecAve"support"for"whale"

disentanglement"events.""
"
•  OpportuniAes"to"collaborate"uAlizing"liveG

streaming"video"footage."Researchers"and"
insAtuAons"worldwide"could"monitor"a"liveGfeed"
and"communicate/direct"the"onGsite"pilot"and"
researchers."

"

This"is"a"new"field"using"an"emerging"&"rapidly"evolving"
technology,"&"the"most"effecAve"ways"of"adapAng"sUAS"have"yet"
to"be"fully"determined.""
"
•  TradeGoff"between"sUAS"stability"&"quanAty"of"blow"collected:"
angling"the"rotors"outwards"makes"the"drone"more"stable,"
while"horizontal"rotors"blow"more"EBC"on"to"the"top"collecAon"
plate."

•  Surprising"variability"in"the"angle"of"the"whale’s"blow"meant"
that,"in"calm"condiAons,"potenAal"samples"were"someAmes"
lost."In"windier"condiAons,"by"hovering"the"sUAS"slightly"
downwind"from"the"blowhole,"our"success"rate"increased."

•  Waterproof"sUAS"were"tested."They"were"found"to"be"heavier,"
less"adaptable"&"created"more"downwash"(a"potenAal"irritant"
to"whales)."Their"advantages"were"nullified"by"surprising"
stability"of"lighter"units"&"features"such"as"height"lock,"
prohibiAng"them"from"descending"beneath"a"preGset"height."

"

We"would"like"to"thank"the"many"people"who"made"this"work"possible:"
Marcos"Ricciardi,"Alejandro"Fernandez"Ajó,"Roxana"Schteinbarg,"Diego"
Taboada"and"InsAtuto"de"Conservación"de"Ballenas;"Marcela"Uhart,"
Makas"di"MarAno,"Lucas"Beltramino"and"volunteers"from"the"Southern"
Right"Whale"Health"Monitoring"Program"in"ArgenAna,"Woods"Hole"
Oceanographic"InsAtuAon;"Yuneec""Electric"AviaAon;"Andrew"Benneg"
and"the"SnotBot"team"at"Olin"College"of"Engineering;"Sir"Patrick"Stewart";"
Flying"Car;"the"ArgenAne"Navy,"Dirección"de"Fauna"y"Flora"Silvestres"and"
Subsecretaría"de"Conservación"y"Areas"Protegidas"from"Chubut,"
ArgenAna;"the"countless"donors"who"made"our"KickStarter"campaign"a"
success"and"finally"the"staff,"board"&"volunteers"at"Ocean"Alliance.""

*=)Limited)effort)due)to)15)to)25)knot)winds)

At)a)height)of)2)metres)the)downwash)created)by)sUAS)was)
equivalent)to)that)of)a)mild)ocean)breeze)(3m/s)or)6.7mph).))
)
The"sound"created"was"well"within"the"parameters"of"ambient"
ocean"noise."Current"knowledge"of"cetacean"hearing"suggests"
few"species"have"a"hearing"range"which"could"even"detect"our"
sUAS"(see"TePRA"reference"below)."

INTRODUCTION)Ocean"Alliance"has"always"held"the"belief"
that"it"is"not"necessary"to"harm"a"whale"in"
order"to"study"it."Advancements"in"the"field"
of"small"Unmanned"Aerial"Systems,"(sUAS)"
has"allowed"us"to"hold"true"to"that"belief"
while"allowing"us"to"think"outside"of"the"
research"box.""
"
With"the"aid"of"our"partners"at"Olin"College"
of"Engineering,"designers"and""
oceanographers,"the"SnotBot™)concept"
was"born."
"
This"planorm"provides"us"with"a"lowGcost,"
safe,"and"nonGinvasive"method"of"obtaining"
physical"data"from"large"whale"species."

The"development"of"SnotBot™)went"
through"many"stages"of"design"&"
tesAng"to"demonstrate"that"the"
presence"of"a"sUAS"would"have"
minimal"to"no"adverse"effects"upon"
the"study"subject."
"
Our"hard"work"and"tesAng"paid"off"
when"in"September"2015"we"received"
a"research"permit"from"the"ArgenAne"
government."This"permit"gave"us"the"
opportunity"to"collect"data"from"
southern"right"whales"and"
demonstrate"the"value"&"effecAveness"
of"this"scienAfic"planorm."

Olin"students"created"
‘SnotShot,’"a"whale"
blow"simulator,"even"
using"3DGprinted"blowG
holes"of"different"
species.""

Aper"tests"on"land"and"in"
the"pool,"SnotShot"was"
put"onto"SnotYacht,"our"
mechanical"whale"
surrogate."SnotYacht"was"
equipped"with"an"array"of"
sensors"including"
anemometers"&"
hydrophones"(above"&"
below"water)"to"help"us"
measure"effects"of"sUAS"
over"flights."
""
"

We"met"our"goals"and"demonstrated"that"drones"like"SnotBot™)are"an"important"emerging"
tool"in"marine"mammal"research."


