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GPS Signal

Code Modulation and Navigation Message

C/A code

L1 carrier (SPS)

f1 = 1575.42 MHz %) (YS% code
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L2 carrier
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Background and the main factors of the long-
range GPS kinematic positioning

The double-differenced carrier phase observations that are used in
standard GPS data processing can be expressed as:

AV, =AVp+AVO —AVI +AVT + AVM + LAV + AVe,\yy

2

AV, = AVp+AVO —%AVI +AVT +AVM +4HAVN, +AVeEry 4
2

Distance dependent errors: Orbit, lonospheric and Tropospheric errors.
Distance independent errors: Mulipath, Centring ...
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For the reference stations, the coordinates can be precisely estimated in
the static mode. After careful selection of the reference stations, and using
both hardware and software multipath error reduction techniques,
multipath error can be assumed to have been reduced. Therefore the
accuracy of the tropospheric delay is slightly limited by the station
coordinate error, orbit error and multipath.



Basic information for acoustic signal

e Fc=13kHz

e Fs=512kHz

* Ncycle =6 cycles

* Length of the signal =14 ms

e Speed of sound = 1500 m/s

* Doppler shift rates were at most 0.3%

e Corrections of the round-trip travel times were less than 0.02 ms
e Corresponds to a distance of only 1.5 cm

Except for the time of the measurement, the transponders were in sleep mode until
they received the wake-up code that arrives in front of the signal part.
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The main signal for acoustic ranging. (a) The initial 5 ms of the emitted wave (synthetic
waveform). The sinusoid changes polarity in the manner of a maximal length

sequence. (b) The initial few milliseconds of the observed returned signal. The horizontal
axis is the time after the transducer generates the sound signal. The regions of polarity
change in Fig. a reveal constriction. Switches in polarity are not obvious. (c) Cross-
correlation sequence of the previous two waveforms. A group of peaks corresponding

to the arrival of the returned wave is found around 2018.3 ms.



Seafloor crustal deformation methods

e Three methods as follows:

— (1) Observations of strains by strain meters and
tiltmeters installed in seafloor boreholes (e.g.,
Shinohara et al., 2000).

— (2) Acoustic measurements of the distances
between two stations fixed on the seafloor (e.g.,
Fujimoto et al., 1995).

— (3) Determining positions of stations fixed on the
seafloor by accurate acoustic measurements of
distances between an observation vessel and
stations on the seafloor.



-A positioning

C'Pmﬁum@@m
\—:—7%

Indirect-path po

Direct;eath ran%i‘ng Indirect-path Eﬂgﬁl’gioning GPS-A positioning

ect-path rang

Schematic diagrams of acoustic ranging methods for seafloor deformation measurements (modified
from Chadwell & Sweeney 2010).(a) Direct-path ranging between two raised transponders. The
baseline length is limited by upward refraction of the acoustic signal.(b) Indirect-path system using
an interrogator to increase range between transponders. (c¢) GPS-A using kinematic GPS
positioning of a ship or buoy to precisely determine the location of a transponder array on the

seafloor in a global reference frame.



Category of Acoustic/GPS methods

* Keeping the survey vessel about the center of
the configuration, and determined the

horizontal components of the center.(Fujimoto
et al.,1995; Spiess et al.,1998; Gagnon et al.,2005;
Kido et al., 2006)

* Drifting over a certain area over the

benchmark unit transmitting and receiving the

signal. (Tadokoro et al., 2001; Yamada et al.,2002;
lkuda et al., 2008)
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Track of the buoy during the moving survey
around the five PXPs (precision transponder)
(M. KIDO et al., 2006)
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Trajectories of the vessel Suruga-maru at SNE. The large symbols marked A, B, and
C correspond to three seafloor transponders. The small circles represent the
points where the vessel sent and received the acoustic signal. Gray and open
circles represent positive and negative traveltime residuals. Lines depict the
direction of orientation of the vessel’s bow (IKUTA et al., 2008)



2. Seafloor geodesy

' at known
reference

receivers

Diagram of seafloor geodesy (excerpt from Gagnon et al., 2005)



Requirements for Seafloor crustal
deformation study

* 4 basic requirements:

— Estimate the relative position between reference stations
on-land and vessel or buoy placed at sea.

— Determine the instantaneous transducer positions at all
time by means of attitude determination of the vessel or
buoy.

— By measuring the two-way travel time between the
transducer fixed in the vessel or buoy and the transponder
placed on the ocean bottom to estimate the relative
ranges.

— Measure the velocity of sound while advancing,
considering the depth and the horizontal difference
correlated with time.
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CTD is an acronym for
Conductivity, Temperature,
and Depth, the three main
parameters that the
instrument measures.
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Experiment 1(Oct. 2008)
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Experiment 1(Oct. 2008)

Positioning Accuracy at SEA7-SEAS (Tsuijii-TTC)
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Experiment 2 (Mar. 2009

Vessel Trajectory using GPS kinematic positioning off Hualien experiment
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Experiment 2 (Mar. 2009)

Relative different positioning off Hualien experiment compare with

Grav, single fix (SCHN) and all fix of Bern software on 11 March, 2009
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Experiment 2 (Mar. 2009)

Accuracy of attutide determination
by Tsujiiand TTC at DoY 070~071, 2009
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Station variations of seafloor geodesy campaign off llan, Taiwan
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Latitude
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