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Project	
  Timeline	
  

¨  2011-­‐Sept.	
  NSF	
  MRI	
  funding	
  
received,	
  $2M	
  NSF/$1M	
  WHOI	
  
cost-­‐share	
  

¨  2013-­‐Sept.	
  Core	
  system	
  dock-­‐
trials	
  

¨  2014-­‐May:	
  Full	
  system	
  dock-­‐
trials	
  (WHOI);	
  so^ware/sensing	
  
tank-­‐trials	
  for	
  under-­‐ice	
  
navigaLon	
  with	
  proxy	
  ice	
  (JHU)	
  

¨  2014-­‐June:	
  Full	
  system	
  trials,	
  
extended	
  fiber	
  deployment,	
  
Tromsø	
  Harbor	
  

¨  2014-­‐July:	
  First	
  under-­‐ice	
  field	
  
trials,	
  PS86-­‐3	
  ice-­‐breaker	
  
Polarstern	
  (AWI)	
  

¨  Final	
  Report	
  in	
  preparaLon.	
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Range 

C
ap

ab
ili

ty
 

100 m 1 km 10 km 100 km 

Mapping/Survey 

Inspection 

Manipulation 

Conventional ROVs 

Nereid UI* 

Autosub 

Gliders 

SCINI 

Multi-Node 
AUV 
Systems* 

*These systems are under development  

MSLED 

SIR* 

Nerid	
  Under	
  Ice	
  (UI)	
  



2014-­‐10-­‐16	
  

4	
  

Telepresence:	
  Enabled	
  CapabiliLes	
  

¨  ProacLve	
  ExploraLon:	
  
¤  HD	
  video	
  and	
  real-­‐Lme	
  visualizaLon	
  of	
  mapping,	
  survey	
  and	
  other	
  

scienLfic	
  data	
  products	
  
¤  Respond	
  to	
  features	
  of	
  interest	
  by	
  altering	
  sensing	
  modality	
  and	
  

trajectory	
  as	
  directed	
  by	
  science	
  party	
  
¨  Access:	
  

¤  Glacial	
  ice	
  tongues	
  and	
  shelves,	
  sea	
  ice,	
  ice-­‐covered	
  sea	
  floors	
  
¤  Distance	
  from	
  ice-­‐breaker	
  influenced	
  water	
  column	
  
¤  Proximity	
  to	
  ice/water	
  interface,	
  including	
  ability	
  to	
  land	
  on	
  ice	
  

underside	
  
¨  IntervenLon:	
  

¤  Future	
  manipulaLon,	
  sample	
  retrieval,	
  and	
  instrument	
  emplacement	
  
capability	
  

¨  Autonomy	
  development	
  plaeorm	
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20 km fiber-optic 
tether 

Armored Cable 
(100 m – 200 m) 
With Fiber Dispenser 

Nereid Vehicle 
Fiber 
Dispenser 

NUI	
  Glacial	
  Ice	
  Concept	
  of	
  OperaLons	
  

Science	
  moLvators:	
  
•  Ocean/Ice-­‐cavity	
  exchange	
  
•  Boundary	
  layer	
  
•  Sediment	
  cores	
  
•  Grounding	
  lines	
  
•  Instrument	
  interacLon/

emplacement	
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Steel	
  Armored	
  Cable	
  
and	
  Depressor	
  

Footprint	
  of	
  OperaLons:	
  Large	
  
(~20	
  km)	
  and	
  Decoupled	
  From	
  
Ship	
  

Fiber-­‐OpLc	
  Tether	
  

NUI	
  Ice-­‐Covered	
  Sea	
  Floor	
  Concept	
  of	
  OperaLons	
  

Science	
  moLvators:	
  
•  Gakkel	
  Ridge	
  hydrothermal	
  acLvity	
  
•  Methane	
  seeps	
  
•  Law	
  of	
  the	
  Sea	
  conLnental	
  margins	
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Light-­‐weight	
  Armored	
  Cable	
  (30	
  m)	
  	
  

Depressor	
  
NUI	
  

Light	
  Fiber-­‐OpLc	
  Tether	
  (20	
  km)	
  

Tow-­‐body	
  	
  

Umbilical	
  (3	
  m)	
  

NUI Sea Ice Concept of Operations 

OperaLng	
  Envelope	
  

AcousLcs	
  package	
  

Science	
  moLvators:	
  
•  Under-­‐ice	
  biology/ecology	
  
•  Ice-­‐physics	
  -­‐	
  air/sea/ice	
  exchange	
  

and	
  topography	
  
•  Under-­‐ice	
  complement	
  to	
  surface	
  	
  

studies/remote-­‐sensing	
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NUI	
  SpecificaLons	
  



Sensor Payload/Placement 

Main Payload Bay 

“Spine” Payload Bay 

Science Integration 
Housing 

Chin Bays 



Spine Payload Bay (Docktrials) 

Aft section devoted to acoustics, 
recovery aids 

Lift Hook 

Fwd section/Forehead intended 
for upward-looking sensors 

Imaging 
Sonar 

DVL/ADCP 

Tail Fin 

Up Light 
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PS86-­‐3	
  Engineering	
  ObjecLves	
  

¨  Establish	
  overall	
  usability:	
  	
  
¤  Viability	
  of	
  light	
  fiber	
  under	
  ice	
  
¤  Launch	
  and	
  recovery	
  systems	
  
¤  cold-­‐weather	
  protocols	
  
¤  Adequacy	
  of	
  pilot/operator	
  situaLonal	
  awareness	
  
¤  Demonstrate	
  ability	
  to	
  operate	
  as	
  an	
  “inverted”	
  ROV	
  
¤  Test	
  conLngency	
  recovery	
  plans	
  

¨  Demonstrate	
  significant	
  excursion	
  from	
  ship	
  
¨  Demonstrate	
  piloted,	
  semi-­‐autonomous	
  and	
  autonomous	
  
“come-­‐home”	
  behaviors	
  

¨  Demonstrate	
  under-­‐ice	
  navigaLon	
  in	
  both	
  georeferenced	
  
and	
  ice-­‐relaLve	
  coordinate	
  frames	
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NUI	
  Summer	
  2014	
  Deployments	
  at	
  83	
  N	
  6	
  W	
  
F/V	
  Polarstern	
  PS86-­‐3	
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PS86-­‐3	
  Engineering	
  Team	
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Sta$on Date Launch	
  Time	
  
(UTC) 

Recovery	
  
Time	
  (UTC) 

Dive	
  
Dura$on 

PS86/0053-­‐1 7/21/2014 11:44 16:52 5:08 
PS86/0060-­‐1 7/23/2014 11:03 16:08 5:05 
PS86/0070-­‐1 7/26/2014 6:43 11:44 5:01 
PS86/0080-­‐1 7/28/2014 12:29 17:49 5:20 

Dive	
  StaLsLcs	
  

¨  Four	
  to	
  six	
  dives	
  anLcipated	
  
¨  Amempted	
  five,	
  four	
  resulted	
  in	
  successful	
  separaLon	
  
¨  Dives	
  nui003,	
  nui004	
  

¤  science-­‐focused	
  
¤  ~4	
  km	
  under-­‐ice	
  



Ice	
  RelaLve	
  NavigaLon	
  

Working	
  	
  
Floe	
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Polar	
  Challenges	
  and	
  SoluLons	
  

Temperature	
  

VibraLon	
  

Ice	
  Contact	
  

LogisLcs	
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PS86-­‐3	
  Science	
  ObjecLves	
  
¨  Bio-­‐available	
  light	
  and	
  nutrients,	
  and	
  

associated	
  biological	
  acLvity	
  away	
  from	
  
Polarstern	
  

¨  Ice	
  algae	
  aggregates	
  	
  
¨  Ice	
  physics,	
  light-­‐transmission	
  and	
  

topography.	
  
¨  VerLcal	
  profiles,	
  transects	
  at	
  constant	
  

depth	
  and	
  constant	
  “headroom”	
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Sensor	
  Suite	
  

WetLabs	
  
Triplets	
  

FRRF	
  

(Ir)radiance	
  

Nitrate	
  

DT100	
  
MulLbeam	
  

Not	
  Shown:	
  
•  2	
  CTDs	
  
•  SLll	
  

Camera	
  
•  PAR	
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System/Sensor Dive	
  1	
  
7/18/14 

Dive	
  2	
  
7/21/14 

Dive	
  3	
  
7/23/14 

Dive	
  4	
  
7/26/14 

Imagenix	
  Upward	
  Mul$beam	
  –	
  under-­‐ice	
  
topography 

0% 0% 100% 100% 

High-­‐Def.	
  Forward	
  Camera 100%" 100%" 100%" 100%"
Upward	
  Digital	
  S$ll	
  Camera 0% 0% 100% 100% 

RAMSES	
  Radiance	
  ARC 0% 50% 100% 100% 

RAMSES	
  Irradiance	
  ACC 0% 50% 100% 100% 

Seabird	
  SBE49	
  CTD 100%" 100%" 100%" 100%"
Seabird	
  SBE25+	
  CTD 100%" 100%" 100%" 100%"

SUNA	
  nitrate	
  sensor 100%" 100%" 100%" 100%"

FRRF:	
  fluorometer,	
  PAR	
  sensor,	
  pressure	
  
sensor 

0% 0% 100%" 100%"

Eco-­‐Triplet	
  fluorometer 100%" 100%" 100%" 100%"

Dive	
  StaLsLcs:	
  Science	
  Systems	
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nui003	
  

Ship’s	
  Ice	
  Radar	
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nui003	
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Upper	
  Ocean	
  OpLcs	
  under	
  Varying	
  Ice	
  Cover	
  

Images	
  courtesy	
  of	
  C.	
  Katlein,	
  AWI	
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Salinity (PSU)	



Temperature (C)	



Chlorophyll (µg/l)	



Co-­‐Registered	
  Upper	
  Ocean	
  Physics	
  &	
  
Biogeochemistry	
  

Plots	
  courtesy	
  of	
  S.	
  Elliot	
  and	
  S.	
  Laney,	
  WHOI	
  
Depth Rate (m/s)	
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nui004	
  

Surface	
  
Transec
t	
  

Telepresence	
  CriLcal:	
  
•  Dynamic	
  –	
  3	
  deg/hr;	
  

unstable	
  pool	
  
•  Target	
  selecLon	
  for	
  photo	
  

survey	
  
•  Locate	
  surface	
  transect	
  

Photo	
  
Survey	
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nui004	
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PS86	
   Ice	
  Algae	
  Aggregates	
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Photo	
  Survey	
  Mosaics	
  

¨  Choose	
  locaLon	
  
¨  Natural	
  light	
  
¨  Algal	
  coverage	
  
esLmaLon	
  

¨  Co-­‐registered	
  with	
  
bio-­‐opLcal	
  
measurements	
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Co-­‐registraLon	
  with	
  Surface	
  Transect	
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Co-­‐RegistraLon	
  with	
  Surface	
  Transect	
  

¨  Low	
  visibility	
  (<	
  10m)	
  
¨  Need	
  to	
  find	
  GPS-­‐posiLoned	
  

through-­‐ice	
  poles	
  for	
  ir/
radiance	
  co-­‐registered	
  
measurements	
  transects	
  

¨  Blueview	
  P900	
  finds	
  poles	
  
much	
  farther	
  than	
  visual	
  
approach	
  

¨  5	
  cm	
  relaLve	
  posiLonal	
  
accuracy	
  amained.	
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PS86-­‐3	
  Outcomes	
  

¨  AGU	
  Abstracts	
  submimed:	
  
¤  C.R.	
  German	
  et	
  al.	
  (2014).	
  	
  

First	
  scienLfic	
  dives	
  of	
  the	
  Nereid	
  Under	
  Ice	
  hybrid	
  ROV	
  in	
  the	
  ArcLc	
  Ocean.	
  	
  
EOS	
  Trans	
  AGU	
  (abstr)	
  In	
  Press.	
  

¤  L.L.	
  Whitcomb	
  et	
  al.	
  (2014).	
  	
  
Preliminary	
  Polar	
  Sea	
  Trials	
  of	
  Nereid-­‐UI:	
  A	
  Remotely	
  Operated	
  Underwater	
  
Vehicle	
  for	
  Oceanographic	
  Access	
  Under	
  Ice.	
  	
  EOS	
  Trans	
  AGU	
  (abstr)	
  In	
  Press.	
  

¨  ICRA	
  paper	
  submimed:	
  
¤  Christopher	
  McFarland	
  et	
  al.	
  Toward	
  Ice-­‐RelaLve	
  NavigaLon	
  of	
  Underwater	
  

RoboLc	
  Vehicles	
  Under	
  Moving	
  Sea-­‐Ice:	
  Experimental	
  EvaluaLon	
  in	
  the	
  ArcLc	
  
Sea.	
  IEEE	
  ICRA	
  2015.	
  Submi;ed.	
  

¨  ECC	
  presentaLon	
  (AWI):	
  
¤  Katlein,	
  C.	
  et	
  al.	
  (2014)	
  InvesLgaLng	
  changes	
  in	
  the	
  climate-­‐	
  and	
  ecosystem	
  of	
  

ArcLc	
  sea	
  ice	
  using	
  remotely	
  operated	
  vehicles	
  ,	
  ECC	
  2014,	
  Bremen,	
  Germany	
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