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Kinematic GPS Positioning

Long baseline kinematic GPS positioning software made by Dr. Colombo with NASA









On-board System

Controller of acoustic ranging

Data Logger of attitude information _ _ _
A}mematlc GPS Receiver

@ @ $I\GPS Heading meter
\

Dynamic Motion Sensor

Recorder of acoustic signal

Survey Vessel Data sampling

PS logging

Attitude logging : 50Hz

Acoustic signal
recording : 200kHz

J Transducer/'/‘ N
CTD Profiler \ r‘oJ
)

e ~
' Sound Speed Profiler &?'/ S \

Acoustic Mirror Transponder Ranging signal

. . . . . i 10 kHz carrier wave
Configuration of the GPS/acoustic measurement system for precise acoustic ranging

between the sea surface transducer and seabottom transponders. 8t to 9t" M-sequence codes






I accurate range measurement '
! |

M—sequence M—sequence M—sequence M—sequence
trigger pulse ranginig pulse trigger pulse ranginig pulse
204 ms

Master Master
transmissinn\ ,2 receive

[N | LN

{ reflection )

Replace with a new trigger- _

408 ms memory

Sea surface transducer

Sea bottom mirror transponder

The principal of two way travel time measurement by using a mirror transponder on the sea floor
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A sample of accurate range processing. Top Is trigger pulse signal,
2nd js signal from the surface transducer, 3@ is 1 pps from the
GPS unit of POS/MV, 4 head portion of ranging signal from the
transducer and the lowest its correlated pulse.
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Reception signal

I

(:204ms  30/192ms
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Primary burst
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One time surface-reflected burst

. 20dms 10/192ms
p— i A .-.-.- TNt MMWWMMWWMMMM
{1 204ms  20/192ms

¢ 204ms  30/192ms Two times surface-reflected burst

and stretched transmission signal

Cross correlation between the reception signal

0.0 time (ms) 31.25

The ranging signal is usually Doppler shifted due to heaving and
drifting of the transducer at the sea surface. A primary pulse could come
out and could be detected with cross correlation with many reference
signals prepared beforehand. The reference signals are equivalent to
having a wide range of hypothetical Doppler-shifts so that allow one to
search for the best pre-fitted replica at every reception. Primary burst,
one time surface-reflected burst and two times surface-reflected burst

arrived in turn on the screen.



Sound velocity structure and its changes
are not measured with sufficient accuracy

CTD and XBT measurements provide sound speed profiles to calculate travel time with ray
tracing. We are now estimating temporal change of sound speed structure in water.
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Linear coeffizients for corection: Temporal changes of undenwater zound sp
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Average sound speed variations of the overall observation area
Black lines are approximate polynomial equations of them



Toefficients of palynominal curves: Temparal changes of undensater zound speed praofile
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Ship’s trajectories with heading arrows of the observation in January 2003
and the overall and local sound speed correction curves



e —

Multi-layer seawater structure based on WGS84.

Centimeter level seafloor geodesy can not be achieved
without seawater structure model based on reference ellipsoid.

Sea-surface station

2000m

Multi-layered seawater structur Ellipsoid surface

based on WGS84

Sea water is divided into £000 - 0.63m

1m-thickness multi-layers

Sea-bottom station

6378137m

R =




For ray refraction in spherical structure,
we must take an arc-angle into account.

Sin (©:+ &) _ Sin ()

C: C.




Choshi

. Sagami seafloor geodetic stations 1,300m deep in depth
Composed of four Mirror Transponders

() : GPS reference stations

Two observations in August 2002 and January 2003,

were made.
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10-cm grid
500 square kilometers of seabed
to 4,500 meters water depth

"@ i precise oceanographic modeling
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