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Does GPS make us dumber-...?

GPS directions send Mercedes
downstrcam. 4

Sat-nav lorrg stuck in farm

lane - Trucker drives past
sign, becomes wedged in small
farm lane. ..

Bus driver follows GPS directions,
ignores signs, Plows into overpass...

—
ks Unsuitable f(_>f
R recvy goods vehicles
Anaddas i
gerbyd rmyddau tryym

htt ://www.engadgetcom/tag/gps+crash/
http://news.bbc.co.uk/Z/hi/uk news/wales/north_east/7257555.stm




Does GPS make us dumber...?

http:/ /www.enga&gct.com/ tag/ gPs+crash/
ht’cP://ncws.bbc.co.uk/l/hi/uk news/wales/north_east/7257555.stm




Does GPS make us dumber-...?

Al Bgrcl’s three-bedroom home, built bg his father
on the western outskirts of Atlanta, was mistakenlg
torn down 139 a demolition company. | said, ‘Don’t
you have an address?’ ” a distraught Byrd later
recounted. “He saicl, “Yes, my GPS coorcﬁnates led
me right to this address here.’ ”

http://www.walrusma azinc.com/articles/lOO?.ll~hea|th—global~imPositionin _systems/
http: i www.caHEncler.com y Hog/ calfinder-news/. ooPs-how—gPs—lecl—contrac’cors—to-clem§isF?-’chc-wrong—house/



More Hi-Rate GPS from “LL ARGE” earthquake.



High~Rate GPS Seismograms from the 27 Feb. 2010, M=8.8, Maule Chile
Earthclualce.
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Three componet
HRGPS displacement
sesimograms (660)
and USArrag
displacement
seismograms (400)
Cﬁ:)lottec% (sorted bg
istance, not record
section).

Seismic stations (red
and blue) and GPS
stations (9e”ow).

Davis and Sma“cg



Cansee S (on
transverse),

. Shear couplecl P, (on
Radial and Vertical,

ove (on transverse)

8!’1Cl

’, Raglei h (on Radial
and Vertical)

waves.

Davis and Sma"cy



What is Shear (or S) couplecl P, 7

“| » stands for Leakg (origina”g stood for Long Periocl)
lucked out again).

5 apparent Velocitg same as P, velocitg.

| I Teleseismic S enters crust,
/ converts to P, which is traPPecl
o/ (su[:)ercritical), but when P
] reflects off Moho (total internal
reflection) some converts to S
and “leaks” out.

— _ ) Pulliam et al., 2008 after Baag and Langston, 1985, after
T Chander et al., 1968, after Oliver, 1961.



Particle motion of P,
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“Chatter” due to
difference between
crustal structure of

Basin and Range (red
slow), and Rock
mountains vs stable

craton in eastern
North America.

Davis and Sma“cy



Phase match Filtering to
remove multipath.
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How does Phase match Filtering work?

plot basis fns and phase of ft in frequency domain and inverse to time domain
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James is working on this for his thesis.

Further imProvements to estimating HRGPS time series.
Additional aPPIications (gradiometrg) .



Remote scnsing with GPS.

Exploiting the noise in GPS data.



lonosl:)here
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httP://www~gPsg.mit.cclu/~tah
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lonosplﬂere Effects on GPS

SCINTILLATION
Small-scale imegularities

in eledron denstty cause
cyde slippage or loss of lod

ANGE ERRORS
Varying total electron content
changes effecti v path length




Ionospheric Ettects...

2008 Nov 03 2035 UTC (2008/0:

. Space ‘weather’ can effect the sPeecl of GPS signal, and thus the accuracy
of the location estimate of the receivers

Solar ﬁares, coronal holes, etc. Proclucing
strong geomagnetic storms
«  Measured in Total Electron Content (TEC)
of the IonosPhere

See I'ﬂ:tP:/ /tcrral.spaccnvironmcnt.nct/ %7Eionops/currcnt Filcs/Google TEC.kml
Real time (10 min) TEC on Goog/c Eart/r, Bluezgood, Red = Bad

. Degraclation of GPS locations (more electrons = clclag of signal)
. Espccia"y in the mid-latitudes — and can be highly variable
* Insevere cases, can prevent Satellite fix entirely
 GPSreceivers atteml:)t to correct for effects
«  Canalso use GPS error to measure Ionosphcre (TEC)

GPS_intro.PPt from Huxley Co”egc
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Plane wave

lonospheric -
Irreqularities CTD - )

Diffracted /\/\__—_
Wave

Dgrud et al., 2007



IONOSPH]

D)

LAY

Measured range given bg s=%nds

nis the refractive index
ds is the Path that the signal takes

The Path clelag Is gjven bﬂ

APh

ono = _(40.3/f2) SN ds,, = —40.3/f2 TEC

Ay = (403/1) SN, dsg = 40.3/R TEC
Where TEC = SN, clso is the total electron content



JONOSPHERIC DE] AY

Still need to know TEC
Can either

Measure using observations
Estimate using models

Note that with data on 2 Frec]uencies,
estimates oyc the unlmowns can be made



LATITUDINAL VARIATION OF THE IONOSPHERE A CONCERN AT LOW
AND MID LATITUDES

Locations where some
detailed ionosPhcric

Date: 10/27/2003 Global lonospheric TEC Map chtects apassessed
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TEC REDUCES SIGNIFICANTLY IN LOW SOLAR ACTIVITY YEARS

Date: 08/06/2006 Global lonospheric TEC Map JPL
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In low solar activit ars f 2.006) IONOS hcrlc TEC
can lﬁ afactoro % smal an in l"ll actlwt ’geari
aradag rotation e ects on 1 Zband SAR will be

Pi, 2006 reduced to minimum.




THE SOLAR CYCLE PHASE OF THE TARGET LAUNCH YEAR

Daily 10.7 cm Solar Radio Flux [10 2 watts/im?/Hz]

Pi, 2006
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lonosloheric SPatial Structures cluring Storms

SPL.
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TEC= [N,di
ray
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Doppler sounding:
E
- ionosphere
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refraction ANV —
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wind
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» Signal observed after Alaska Denali fault earthquake (M =7.9, Nov. 3 2002)
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Piercing points for ionospheric measurements
from all receivers in California (SCIGN +

IGS). Different satellites are shown with
different colors. The black star shows the

epicenter location for Denali earthquake.
Ducic et al., 200%
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black dashed line represent a typical Rayleigh wave on the ground.
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lonosphere Delag

e Measured range given bﬂ s=%Snds
n : refractive index

ds : signal Pat]"l

» The Path clelag is gjven bg
+ Apore = —(40. 3/f2) SN_ ds, = —=40.3/f2 TEC
: A iono = (40.3/f2) SN Aso 40.3/f2 TEC

» Where TEC = SN_ ds, is the total electron content



lonosphere TEC

CODE'S GLOBAL IONOSPHERE MAPS FOR DAY 292, 2003 — 00:00 UT
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~350 km: maximum of ionization

ke Amplification ~ 10*

altitude

TEC= [N, di

--> amplitude ~ 100 m




Mean TEC (TECU)
15 20 25 30 35 40 45 50 55 60

10

le}

lonosphere Variation
P

CODE GIM time series from 01—-Jan—1995 to 25—0ct—-2003

1995
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' \;p" -

1997 1998 1999 2000 2001 2002 2003 2004

Time (years) 26—0ct—2003 10:37

ht’cP://www.cx.unibc.ch/aiub/ionospherc.html



GPS Networks in the World

(a) GEONET GPS STATIONS (c) CORS GPS STATIONS
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Progression of Tangent Point for a Series of

Progressively Deeper Occultations The LEO tracks the GPS
Tangent point Ph ase
while the signal IS
occulted to determine the
DOPPICr

The vcloci’cy of GPS
relative to LEO must be
estimated to ~0.2 mm/
sec (20 PPb) to
determine Precisc
tem Peratu re Proﬁ les

Rocken

mmmmmmmmmmm




Z enith Neutral De|39

The tropospheric path delay is
mapped to zenith by elevation (6)

dependent function(s) N
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A The ionosphere delay is (inversely) N - F
| ) ional to the frequency of the N %’
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W i . The refraction (slowing) of

the GPS signal as it passes
! e atmosphere can
be viewed as an
ath length:
delay' and

/

_ VIR
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%
N

N\
The troposphere slows both &@\ %,
GPS frequencies equally.
This means the tropospheric
delay must be modeled as a \
free parameter in the GPS \
9 = processing \

. \
xTroPospheric delags increase with decreasin
elevation angle (more atmosphere to traverse

James Foster, Univ. Hawaii



Ware et al., 2000

58



WRDEOSERIERIC DAY

Caused bg the neutral atmosl:)herej which is a
nonclisl:)ersive medium (as far as GPSis
concerned)

Tro osl:)here extends up to 40 km
Ettrects carrier Pl’]aSC and code ranges the same

TgPicaHQ separate the effect into

Drg comPonent
Wet coml:)onerﬁ:

ATOP = 10-5SN jToP ds + 10-6SN, P ds
Where N is the remcractivitg
ds is the Path length



WRGIPOISPHERIC. DEL AY

Dry component contributes 90% of the error
E:asilg modeled

Wet component contributes 10% omc the error

Difficult to model because you need to know the
amount cnc water vapor along the entire Path



WRGIPOISPHERIC. DEL AY

There are many models which estimate the
wet coml:)onent O1C the trol:)osl:)heric clelag

Hopﬁelcl Model
Modified Hol:ncield Model
Saastamoinen Model
l_angi Model

NMF (Niell)

Mang, many more



Ware et al., 2000

Real-Time GPS Sensing of Precipitable Water (PW)
9/4/99 21:00 UT
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Ware et al., 2000

Atmospheric Slant Delays

Calm, 5.7 mm rms

Typhoon, 11.1 mm rms

43



MULTIFPATH ERRORS

GPS assumes that the signal travels &irectlg
from the satellite to the receiver

Multipath results from signal r@qec‘cing ot of
surface before enteringﬁﬁe recener
Adds additional (erroneous) Path |cngth to the
signal

Ditficult to remove; best to avoid



Multipath Hlustration

ﬁ GPS satellite

. GPS antenna

From l‘ﬂ:tP: / /www.gmat.unsw.cdu.au/ snaP/ gps/ gps_survey / chapé/ 6212 htm
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