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OUTLINE
 Int roduct ion & Background

 Prior Work (NUWC)

 GABBIES (Geodet ic Acoust ic 
Benchmark Beacon – Inverted 
Echosounder)

 Navy Acoust ic Navigat ion Beacons

 Future P lans



Bottom Line Up Front
 Long term seafloor geodesy is economically feasible by 

combining:
• Underwater Acoust ics
• GP S
• Autonomous Surface Vehicles

 Seafloor Sensors:
• Transponders
• Beacons
• Hydrophones

 Hydrophone (with acoust ic modem):
• Highest  accuracy
• Lowest  power for long durat ion deployments (25+  years)



Seafloor Sensors for Underwater 
Acoust ic Posit ioning

 Transponder – device that  t ransmit s a reply pulse 
after receiving an interrogat ion pulse

 Beacon – device that  t ransmit s mult iple pulses 
cont inuously after turn-on

 Hydrophone – only receives pulses
 Acoust ic t ransmission requires high power (100’s of 

Wat t s) but  Acoust ic recept ion requires low power 
(milli-Wat t s)

 Minimize t ransmissions from seafloor



SURVEYING



Traditional Positioning Models

( )
( )

a e
i i i t

i i ia e
i i i i

R c t t
R c t

R c t t

üï= - ïï =ýï= - ïïþ

( )
( )

( )1 1

a e
i i i a a a

i i i i ia e b
i i i i

R c t t
R R c t t c t

R c t t t

üï= - ïï - = - = Dýï= - + ïïþ

( ) ( ) ( )1
a e a a a e
o oi i i i iR R c t t t t c t t+ = - + - = -

 Spherical
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 Ellipt ical

 Hyperbolic



New Developments:  Models

 Spherical with ESV Bias Est imat ion 
(SBE)

 Hyperbolic with ESV Bias Est imat ion 
(HBE)
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New Developments:  Models
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New Developments:  Models

MODEL NORTH EAST  ORTHO HT  TB     CB

SLS   0.00  0.00  -1600.00   - -

HLS   0.00  0.00  -1600.00  0.0    -

SLSBE 0.00  0.00  -1600.00   - 0.00

HLSBE 0.00  0.00  -1600.00  0.0   0.00

SLS   0.00  0.00  -1606.78   - -

HLS   0.00  0.00  -1597.09  4.1    -

SLSBE 0.00  0.00  -1602.98   - 1.14

HLSBE 0.00  0.00  -1600.00  2.0   0.63



New Developments:  Models



New Developments:  Models



CASE STUDY

AHRP



AUTEC



TOTO









SHIP GEOMETRY FOR AHRP PSC











GABBIES Deployment



Navigation Beacons



CONCLUSIONS

 Low power acoust ic seafloor inst ruments have been 
developed and refined through 3 generat ions for US 
Navy

 Models and algorithms to achieve <  0.1 cm geodet ic 
posit ion (horizontal) have been validated

 Surface system can be autonomous vessels 
t ransmit t ing GPS synchronized acoust ic signals

 Long term seafloor geodetic benchmarks are 
technically and economically feasible



Future Plans
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