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Design	  Goals	  
•  Minimize	  Total	  System	  Cost	  
•  Flexibility	  to	  Interface	  
– ExisSng	  vessels	  
– Data	  collecSon	  systems	  

•  Accessible	  soTware	  
– Customizable	  path	  planning	  
– ConSnuing	  research	  

•  Robust	  OperaSon	  



HARDWARE	  COMPONENTS	  
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Autonomy	  &	  Control	  
BeagleBone	  Black	  
1	  GHz	  Single	  Core	  
512	  MB	  RAM	  
GPIO	  Headers	  
3.3/1.8	  V	  NaSve	  
	  

Arduino	  Mega2560	  
15	  PWM	  
Analog,	  Digital	  In	  
4	  UART	  
5	  V	  NaSve	  
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Processor	  Load	  TesSng	  
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CommunicaSon	  &	  Human	  Control	  

	  
Futaba	  Hobby	  RC	  
6	  Channels	  
	  
	  

Long	  Distance	  Wi-‐Fi	  
1	  W	  
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Wi-‐Fi	  Range	  

~425m	  achieved	  LOS	  
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PosiSoning	  

CHRoboScs	  GP9	  
GPS	  
3	  Axis	  Accelerometer	  
3	  Axis	  Gyroscopes	  
Magnetometer	  
Barometer	  
Temperature	  Calibrated	  
OrientaGon	  Kalman	  Filter	  
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System	  Overview	  

Arduino	  Mega	  
2560	  Beaglebone	  Black	   USB	  Hub	  

Wi-‐Fi	  
Adapter	  

GP9	  GPS/
INS	  

Throdle	  
Servo	  

Rudder	  
Servo	  

RC	  
Receiver	  

PowerPak	  

Power	  
TTL	  Serial	  (3.3	  V)	  
USB	  
PWM	  (5	  V)	  
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Power	  ConsumpSon	  
Component	   Maximum	  [mA]	   Normal	  OperaGon	  [mA]	  
BeagleBone	  Black	   803	   542	  
Arduino	   153	   144	  
GP9	   135	   97	  
RC	  Reciever	   30	   21	  
Servo	  (2	  Total)	   600	   5	  
Tube-‐U(n)	   183	   179	  
USB	  Hub	   44	   44	  

Total	   2548	   1037	  

11	  hours	  run	  Gme	  under	  normal	  operaGon	  
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Autonomy	  System	  Cost	  
	  	   Device	   Cost	  

ASV	  System	  
Autonomy	  Computer	   Beaglebone	  Black	   $55	  
Microcontroller	   Arduino	  Mega	  2560	   $46	  
GPS/INS	   CHRoboScs	  GP9	   $399	  
Hobby	  RC	  System	   Futaba	  6J	   $180	  
Long	  Distance	  Wi-‐Fi	  +	  Antenna	   Alfa	  Tube-‐U(N)	   $50	  
USB	  Hub	   AmazonBasics	  4	  Port	  Powered	   $19	  
System	  Power	   NewTrent	  PowerPak	  Xtreme	   $24	  
Enclosure	  and	  Cabling	   Various	   $155	  
	  	   Subtotal	   $928	  

Shore	  Monitoring	  System	  
Long	  Distance	  Wi-‐Fi	  +	  Antenna	   Alfa	  Tube-‐U(N)	   $55	  
Antenna	  Stand	   Impact	  9.6'	  Studio	  Light	  Stand	   $36	  
	  	   Total	   $1019	  



SOFTWARE	  
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MOOSDB	  

iGP9	  

iMOOSArduino	  

iSonar	  

pHelmIvP	  

uRecordSwath	  

pShare	  

uFldNodeBroker	  

pSurveyPath	  

pMarinePID	  
pHostInfo	  

pLogger	  

Depth,	  
Swath	  Width	  

Start/	  
Stop	  Log	  

Depth,	  Swath	  Width,	  
Posn,	  Heading	  Min	  Swaths	  

Rudde
r,	  Thr

o_le	  

IP	  Address	  

All	  Info	  ASV	  Posn,	  
Status	  

Shore	  
Command	  

Rudd
er,	  Th

ro_le
	  

Desir
ed	  Hd

g,	  Spe
ed	  

Curre
nt	  Hd

g,	  Spe
ed	  

Supplied	  ApplicaSon	   Custom	  ApplicaSon	  
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Pre-‐Deploy	  

Waypoint	  
MemTurnLimit	  

Loiter	  Survey	  
AvoidShoal	  

Done/Fault	  

Transit	  Waypoint	   Return	   Loiter	  

Line	  Turn	  
SurveyTurn	  

Custom	  Behavior	  
Included	  Behavior	  

Helm	  State	  

AvoidShoal	  

Autonomy	  Behaviors	  
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Teledyne/Liquid	  RoboScs	  

SpaSal	  Integrated	  Systems,	  Inc	  Fang	  and	  Anstee	  2010	  

Hodo	  et.	  al	  2010	  
Galceran	  and	  Carreras	  2012	  

Bourgeois	  et.	  al.	  1999	  (C&C)	  
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Path	  Planning	  
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Example	  Bathymetry	  



IMPLEMENTATION	  
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EMILY	  Overview	  
•  65”	  Long	  
•  77	  lbs	  No-‐Fuel	  Weight	  
•  Max	  Speed	  15	  kts	  
•  Endurance	  2-‐5	  days	  
•  4	  Independently	  Sealed	  
Compartments	  

•  Local	  RF	  &	  Satellite	  
CommunicaSons	  
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Assembled	  Autonomy	  Hardware	  
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Summary	  
•  Total	  autonomy	  system	  cost	  ~$1000	  
•  SoTware	  plamorm	  with	  module	  architecture	  
facilitates	  flexibility	  

•  Path	  planning	  algorithms	  for	  depth	  adapSve	  
survey	  coverage	  

•  Installing	  on	  small	  NOAA	  ASV	  +	  2	  more	  at	  UNH	  



NOAA	  Office	  of	  Coast	  Survey	  
NOAA	  Unmanned	  Aircraa	  Systems	  Office	  
Naval	  Engineering	  EducaGon	  Center	  


