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*  Signal observed after Alaska Denali fault earthquake (M(=7.9, Nov. 3 2002)
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lonosl:)here Delag

* Measured range gjven !:)9 5= Sn ds

n : refractive index

ds : signal Path

.+ The Path clelag s gjven bﬂ
¢ A poro = —(40. 5/ SN_ds, = =403/ TEC
: A iono = (40.3/2) SN clsO 40.3/f2 TEC

» Where TEC = SN, dso is the total electron content

Brian Luzum, U Florida



lonosphere i

CODE’'S GLOBAL IONOSPHERE MAPS FOR DAY 292, 2003 — 00:00 UT
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, altitude /
s

_|~350 km: maximum of ionization y‘ ionosphere AW\
TEC= [N, di , ' A\

Amplification ~ 107
== amplitude ~ 100 m




lonosphere Variation

CODE GIM time series from 01—-Jan—1995 to 256—0ct—2003
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httP://www.cx.unibc.ch/aiub/ionospherc.l‘utml



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 Occuitations The LEO tracks the GPS
Shase
while the signal IS
occulted to determine the
Doppler

The Velocit9 of GPS
relative to LEO must be
estimated to ~0.2 mm/
sec (20 PPb> to
determine Precise
temperature I:)roFi les

Rocken



Z enith Neutral Delag

—~
I ~
The tropospheric path delay is ONOSVI: ~
: : ~
mapped to zenith by elevation (6) HERQ\

dependent function(s)

~
~

~
~N

o

The ionosphere delay is (inversely)

‘Thus the delay can be e

- to the frequency of the <
2 a4 difference in
& Pt
3 4
4 4 Q‘)\
£ &
-3 <9\ &
S ‘ . -
1,7 ‘The refraction (slowing) of

PS signal as it passes
atmosphere can
\ iewed as an

N
0

N

N

The troposphere slows both @\,\ 5,
GPS frequencies equally.
This means the tropospheric
delay must be modeled as a \
free parameter in the GPS \
processing \
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xTroPosPheric delags increase with decreasin
elevation angle (more a‘cmosphere to traverse

James Foster, Univ. Hawaii



Ware et al., 2000




WRDEOSERIERIC DELAY

Caused bg the neutral atmosphere, which is a
nonclispersive medium (as far as GPS is
concerned)

TroPosphere extends up to 40 km
I : ects carrier Pl"laSC ancl COClC ranges the same

Tgpicang sel:)arate the eHect into

Drg component
Wet component

A Top = 10-6SN TP ds + 105N, TP dis
Where N is the re?ractivitg
ds is the Path leng’th




WREDEISPHERIC D] AY

Drg component contributes 90% of the error
Easilg modeled

Wet component contributes 10% of the error

Ditficult to model because you need to know the
amount og water vapor along the entire Path



WREDEISPHERIC D] AY

There are many models which estimate the
wet coml:)oncnt o1C tl’]e troposl:)heric clelag

Holmcielcl Model

Moditied Hol:ncielcl Model
Saastamoinen Model
Langi 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
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MULTIFATH ERRORS

GPS assumes that the signal travels clirectlg
from the satellite to the receiver

Multipath results from si%:zal reﬂecting off of
surface before enteringt e receiver

Adds additional (erroneous) Path leng’ch to the
signal

Ditficult to remove; best to avoid



Now we will look at a number of GAMIT/GLOBK tutorial
ancl other resources on the wcb.



Intro to GPS Processing with GAMIT /GLOBK



WE COULD DESIGN THE
PRODUCT WITH A SIMPLE
POINT- AND-CLICK
INTERFACE

OR WE COULD REQUIRE THE
USER TO CHOOSE AMONG
THOUSANDS OF POORLY
DCOCOMENTED COMMANDS,
EACH OF WHICH MUST BE
TYPED EXACTLY RIGHT
ON THE FIRST

T:RY
J
B — ﬁ\ A

REAR IN MAKE IT
MIND, WELL 50 THEY

.| NEVER MEET  yAVE TO

1| A CUSTOMER  ReROOT

;| OURSELVES.  AFTER FVERY

()
/uif'r—n\/g_

TYPO

"People who have trouble with tgping commands should
not be using a computer.”

(Response of the Unix communitg to criticism that Unix ignore& he needs of the unsophisticated user.)

If you thoug}wt CUNIX was user~h05tile) you have not seen

angtlﬁinggetl



gamit/ globk home page, documentation and tutorials

Can't get to from above, but very useful

gami’t scri!:)’c help




Eric Calais’ GAMIT over e :
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Anclg Newman's GamitGlobk tut '
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copy omc Murraﬂ and Battaglia's course From Berkeleg
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Tom Herrmgs Gamlt/Globk Matlab Dost Drocessmz
toolbox
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