Earth Science Applications of Space Based Gcoclcsg
DES-7555
Tu-Th 9:40-11:05
Seminar Room in 3892 Central Ave. (Long building)

Bob Sma"eg
Office: 5892 Central Ave, Room 10?%
678-4929
Office Hours — Wed 14:00-16:00 or if Pm in my office.
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GRADING
70% homework assignments
- weeklg
Each assignmcnt will be Passecl out 1-2 weeks
before it is due and should be worked on
throughout the given time Periocl

10 % Attendance and Participation



GRADING
20% Final Prcﬂect

Each student will design, implement, and Eresent a
small scale sPace~basecl geoclesg researc Pro'ect.
</

A Project related to the student’s own research is
encouraged.

ToPic should be decided on and aPProvecl no later
than October 19, 2010.



GRADING
20% Final Project

Presentation of results (20 mins.) will take Place in lieu
of a final exam on the last clag of class - Dec. YY.

The Project should be thorou Hg documented and all
scriPts/ Programs/ macros will be turned in as Part of

the final gracle.



Academic Honor Code

It is accePtaHe to work together/ help one-another on
homework to better understand the material.

It is acceptable (it will actually be essential) to refer to
other books and Publishec? material provided that
these additional materials are cited appropriately in

the homework (including web sites).

Each student should completc their own homework
seParatelg.
Simpb copging‘me homework of another student or a
single “group” homework is NOT accel:)table.




No textbook

——

We will have rcading assignmcnts from a number of
sources.



Class notes will be available in Pchc format, after class,
on the class website.

http: / /www.ccri.mcmphis.eclu/ Pcople/ sma”eg/ ESCI7355/ ESCI_7§55_APPIications_omC_SPace_ﬁasecl_Gcoclesg.html

Please let me know if there are any Problems with the

WCb Pa gC.

Note that the notes are not “static”, | will uPdatc them
from time to time.

Please do not b

inc“g Print t

(but 1 will remove the |

ne notes out.

DBCngOUﬂC

from the notes to

save 3e"ow toner.)



Some things you should bug if you are Planning on
using GPS in your research

Basic

Linear Algebra, Geoclesg and GPS, Strang and Boore



Some things you should bug if you are Planning on
using GPS in your research

gcodctic and technical

GPS Theory and Practice, 5t Revised Ed.,
B. Hofmann- c“enno{:, H. Lichtene%ger, and J.
Collins, SPringer-Verlag, Wein, New York, 2001.



Some things you should bug if you are Planning on
using GPS in your research

geocletic and technical

Understandin% GPS Principles and APPIications, 2nd
Ed., E.D. Kaplan, C. Hegar? (eds.), Artech House,
2006.

Global Positioning System: Theorg and
Aprlications, Volume1& 2, B. W. Parkinson, J.
Spi ker (Eds), Am. Inst. Aeronaut. Astronaut.,
Washington D.C., 1996.



Stutf from the internet

Tutorial - E"ipsoicl, geoicl, gravity, geodcsg and
geophgsics

X. Li and H-J Gotze

Gcophysics, Vol 66, No 6, 1660-1668, Nov-Dec 200!.

www.lct.com/ tcchnical-Pagcs/ PC“:/ Li_G_Tut. Pcl{:



More stutf from the internet

D. Sandwell

GEODYNAMICS-~ SIO 254
http: // toPex.ucsd.edu / geodgnamics

Units 4 2 parts), 15 2 Parts) and 16
all on gravitg) X



More stuff from the internet

Basis of the GPS Techniclue: Observation Ecluations
G. Blewitt

APPears in “Geodetic APPIications of GPS?, Swedish
| and Surveg.

httl:): // www.nbmg.unr.cclu /staff/ Pc”:s/ Blewitt%ZOBasics%ZOOF%ZOgPs. PCH:



More stuff from the internet
GPS Data Proccssing Methodologg: from Thcorg to

APPIications
G. Blewitt

GPS for Geodesg, PZ.§I~2.7O, SPringer~Ver|ag

http: // www.nbmg.unr.eclu /staff/ PcH:s/ gPs%2.0{:0r%?.Ogeoclesy.Pd1c



More stuff from the internet

GPS and SPace Based Geodetic Methods
G. Blewitt

chaptcr in Treatise on Geophysics, Vol. 3., PPp- 551-390,
2007

Ed. Thomas Herring, Ed.-in-chief Gerald Schubert,
Academic Press, Oxtord, UK, ISBN: 0-44-4-51928-9.

hﬁ:P: / /www.nbmg.unr.eclu/ staff/ Pc]?s/ blcwit’c_’crcatisc.Pch



More stuff from the internet

GPS Positioning Guide

Available from

Natural Resources Canada

httP: // www.geod.nrcan.gc.ca/ Pubiications/ Papers/ gps_e.PhP

(Plus lots other stuff)



1. Introduction.

Course ObjCCﬁVCS ancl overview

) Unclcrstancling and ap reciation of modern (sate“itc
base Geoclcsg.

2) Ability to use tools of modern Geoclesg.

%) Abilitg to use results of modern Geodcsg in multi-
disci Dlinarg studies.




Outline:

ShaPe of the Earth

Phgsical vs. Geometric description (reference frame/
Coordinate sgstem)
Time

How GPS works (“trivial” overview)
How GPS works (technical)
[orbits, estimation, observables, propagation, errors]

Processin -4

Applications — mocleling



GUNTHER, |'M F=12, SECTOR M, OK, THAT WOULD HOW ; B dREsny
' BE COORDINATE -
égligl'{;swgm Leglé SONLE) %‘ﬁé g?g“ 1-72. FROM HERE, | 20 YOU | 7 opar | @wﬁ;&%me %
T ? 7 GO QUT THE wWeST KNOW POSITIONING || K. -
e - C.GO DOOR, TURN LerT | THAT? % BUT YOU RE MY HERO/
o5 AND GO I15.YARDS [ .,
¢ .’\i-(" "y i % /a)
zgf{g . -«
- " g H \
3 L ‘ § ﬁg ‘}:-v
iy iLA P™ 0 o2

’ve never been lost. 1 was once bewildered for
three clags, but never lost!

Dan’l Boone
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1. What is Geodesu?
(Good c]uc-:stion%J

One of the basic cluestions has alwags been

Where am 17 (cave, watering hole, etc.)

Which leads to

Where am | going (watering hole, cave, etc.)
and

Howdo | get there?



1. Whatis Geoclesg?

(Good cluestion)

Howdo | get there?

Or how do I tell someone else how to get there

(without bringing/ lcacling them)?



One solution -

httP: // commons.wildmcclia.org/ wiki/ Filc:Bce_c]ancc.Png

Scout bee “tells” Foragcr
bees location of nectar
source.

Recluircs Personal contact
(oral tradition) and is

Honeg bee dance
o A WA le run
Saaw B Oriented 45° to
5P right of ‘up’ on
P58 the vertica

comb (A)

s indicates food

source 45 to
i right of

direction of sun
outside hive

(B).
Note: uses a
reference

@
&
XN
&

CPI"ICme'a l . http:/ / cn.ilcipedia.rg/ wiki/Waggle_dance ‘Fl" alimne 22




1. What is Geodesg?

(Good cluestion)
How do | get there?

Or how do 1 tell someone else how to get there
(without bringing/ Ieacling them or having Pcrsonal

contact)?

E:arlg solution

Ay Sy Ay ARy AR ARy ARy ARy Ay Ay Auy auy sy sy

Mark trail (Permanent)
(or use lanclscaPc features)



Another idea

icture

Draw a P

24



«Oldest” known “maP”

Catal ngk, Turkcg/Anatolia
(Catal Hyuk , Catalhoytik, Catalhoyuk)
9’ long wall Painting. Radiocarbon date 6200 BC

e e e . s
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Writing didn’t come along till 3500BC!

= (
——
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This idea,
when

a DPIiecl on
|arge scale
also gjves —
world view

Example ~

Homer’s view

of the world




1. What is Geodesg?

(Good question)

Quite simplg 'Geoclcsy' is the 5tucl3 of the shaPc and
size of the earth.

W

Now I bet you're thinking to 3ourse|1c,
‘Hey, I've seen Picturcs of the earth
froms bace, from the APo“o Moon
Missions, from the Shuttle, and the
earth loo|<s/ seems round to me.”

27

Natural Resources Canada ~ Geodetic 5urve3 Division



1. What is Geodesg?

(Good question)

Quite simplg 'Gcoclcsy' is the 5tucl3 of the shaPc and
size of the earth.

W

So, what's to studg?

Wc", the earth is almost rouncl, but not
quite. And, because the earth's not cluite
round, we need to knowjust what shaPe it

is, so we can make accurate maps (and
other stuff).

28

Natural Resources Canada ~ Geodetic 5urve3 Division



1. What is Geoclesg?

Geodcsg, ’traclitiona"g defined as the studg of the
shaPe of the earth

from Greek - ge daisi - ge ~,dgeo~ earth + daiesthai, to
divide

cletermining size/ shaPe of earth
[at a scale of 1:11]

and accurate Positioning/ maPPing

Geodcsg IS among, the oldest of sciences.



1. What is Geociesg?

Gcodesg, also traditiona"g includes the study of
earth’s gravity.

whg?
1~ At |arge scale

gravitg is the Pizfsics contro"ing carth’s shaPe
(earth is “Huid” in hgdrostatic equilibrium)

2 - and %ravit also has gignii:icant effects on the
traditional methods of measuring the earth’s shaPe.




1. What is Geoclesg?

“.. .Phgsical geodesg - the shape of the Earth and its
gravitg Fief;l.

This isjust electrostatic theorg aPP|iecl to the Earth,

but, unlike electrostatics, coclcsg is a nightmare of

unusual ec]uations, unusual notation, anc? comcusing
conventions.

There is no clear and concise book on
the toPic altlnouih Chapter 5 of Turcotte and
Schubertis OK.”

From David Sandwell, U. Hawaii



1. Whatis Geoclesg?

Modern Geodcsg

continuation of traditional studies

Plus
signi{:icant exPansion based on
Nnew technologg
Providing a several order magnitude imgprovemcnt In

surveying caPabiIitg through the use o space based
surveging techniclues



1. What s Geoclesg?

Modern Geoclesg

Paracligm change to include changes in earth’s shaFe
(Platc movements, Plate bounclarg clcFormation, GIA,
elastic loading, earthqual«-:s, etc.)



E:xamplc:

Co-~seismic
clisplacement
associated with 27
Feb, 2010, M8.8
Maule, Chile
earthquakc.

UP to Sm
displacement of
coast, 50 cm in
Mendoza and 2.5cm
in Buenos Aires,
over 1000 km
distant.



New term gust in case it’s not conFusing eno

Geomatics

Ugh) :

-~ Refers to the disciplines that achL)Jire, store,
manage, retrieve, maniPulate and distribute sPatial or

geographica"y referenced data. (basica“g GIS)

— Field of scientific and technical activities which
integrates all means used to accluire and manage

sPatiallg referenced data. (GIS again)

—- new name for Surveging or Geoclesg

-~ Mathematics which deal with the eart

.



What is Satellite Geoclesg?

APPIication of satellite surveging/ measurement
techniaues to “Geoclesg” ( ositioning, mafl:)in and

stu

(GPS/GLONAS/DORIS/GA
COMPASS/IRNS/JRANS, S

Yy of size, shape and gravity field of earth)

 ELIO/BEIDOU-
R, VLB, Satellite

Altimetrg, DoP

co"ectivelg called -- GNSS -- Global Navi

DICY'

ation

s 0

A Satellite Systems)




What is Satellite Geodesg?

New definitions of “Gcoclcs%” based on increase in
Precision (e.g. time variations from motions associated
with Plate Tectonics, Tides, Weather/Climate, etc.)




GPS/Galilleo/

Satellite survcging GLONAS...
techniclues
VLBI
SLR
DQORIS
Doppler

Satellite Alti metrg

SAR

CHAMP/GRACE/etc.



0O 30 60 90 120 150 180 210 240 270 300 330 360

0 30 60 90 120 150 180 210 240 270 300 330 360

. -20 -15-10 -5 0 5 10 15 20 (mm)
sweartor oaing LOAAING deformation 39



Introduction to GPS sgstcm

Positioning/navigation/time transfer system designed,
built and funded bg Uus DOD.

(Follow on to TRANSIT DOFPICI’ — inspired b
SPUTNIKD




Introduction to GPS sgstcm

Positioning/navigation/time transfer system designed,
built and funded 139 Uus DOD.

After KAL 007 “incident” in 1983, President Regan

ordered that GPS system clesign include clegragecl

version for civilian use to Prevent reoccurrence of
similar navigation errors.



Introduction to GPS sgstem

Positioning/ navigation/ time transfer system designed,
built and funded bg Uus DOD.

somewhat unforeseen and cle{:initelg unplannecl

Exglosion of civilian use based on PrinciPa |9 grouncl
ased tecnnological / engineering developments




j’/ APPIications GNSS and
- SPace Based Geoclesg:

Navigation
Crustal dgnamics/ Active
tectonics
Gravitg field maPPing
Reference frames
Sea level/Climate change
Earth rotation

Notice — inner and outer core not GPS “met”
§Pheﬁca|, temPerature/ densitg variations AtmOSP 1eric occu I t3 tiOﬂ

in earth, toPograPhic variations (lonﬁ

wavelcngth ones may be related to above lonos Dth’iC h 35iC5
tcmPcrature/ c]ensitg variations), sea level P

not “level” (also may be related to densitg SPBCC weathcr

variations), etc. Geodetic seismologg



2. Geoclcsy

ShaPe of the earth/ gravity, geoid (Phgsical) ,

reference frames, e“iPsoicls (geometric)

The Figure of the Earth

v

THE THE AN A
TERRESTRIAL GEOID ELLIPSE SPHERE
SURFACE

44

From Mulcare



To an observer on the surFace, the earth looks flat and
endless.

(so that was the first “model”)

ht‘tP: // www‘amscopub.com/ %50mages%ﬁCmCi!e%ﬁCl:ile_‘i-é PCH:

45



Sl"laPC of the Earth

We now think Some
of the evidence

carth as a for

sphere sEherical . fi?__‘— —

S aPC:

As s|'1i|:>s
sail over
the
horizon,
tl'lcy
clisaPPear

Geoclesy and Map Projections, Benedict, doctorflood.rice.edu/envisi2/handouts/ CEVEﬁIZ_Lab}.PPt
And 46
l’lﬁZP: /) www.amscoPub.com/ %5(]magcs%ﬁC{:i!e%ﬁCl:ile_‘i-é Pdmc



ShaPe of the Earth

Some evidence:
Changing elevation of star/sun as travel north or south.

(could also be cglinder!)

a
ﬁ >o Sz > Sl
Increasing Increasing
elevation of length of
Pole Star shadows

(b) Travelling North

1. Realizing the Earth Is Not Flat

Smitln, Intro to Geodesg

47
Gcoc]csg and MaP Projcctions, Bcncdict, doctorﬂoodrice.edu/enviﬁll/handouts/CEVEﬁlZ_Labﬁ‘PPt



P4 .
Size o{: thc e 2N s now.

h With knowu:',1 .
you can use the equation:
Ea rt (360°/6) x (s) %S,
Once the shaPc was Griomensir e "*eo?’,gé
“|<nown”, the size B S,
coulcl be calculated
from geometrg and
simple observations
Eratosthenes, 250
B.C.

(“knew”, assumed, or
used without thinking
— Para“elism of sun’s
rays, etc.)

| http://ww.nos.noaa.gm//cducation/kits/ clcsy/media/supp ceo@la. j
|



Size of the Earth

Eratosthenes'

calculations were
basecl on two
assumPtions.

The first was that

Sgene lay on the
TroPico Cancer.

The second was that
Alexandria Iag due
north of Sgenc on

cxactlg the same line

of longituclc (the

meridian line). Pep e

.nos.noaa.gov/education/kits/ ‘geodesy/media/ supp. _geo@zp.html



Eratosthcnes was rou Hg correct about tlﬂe size o{:
the Earth

-- at least, that's what modern historians of science
have concluded,

although there is aPParently some Iingering doubt
about the exact size of the units of measurement
(stade = 184-.81 m) which he was using,

o~y oy oy

And his two assumptions about the locations of the
two Places were not cluite correct.

Dave Hanes , http://www.astro.queensu.ca/~hanes/pOl4/Notes,/ Topic_008.html
P q P P



But...it would not matter a %,reat deal if he had got‘ten
an answer which was onlg alf as large as the true
circumFerence, or three times as big.

The critical Poi nt is that ff:ratosthenes recognized the
nature of the Prob em,

found a methoc,

and was able to derive an answer which was correct in
spirit
in the sense that he correctly deduced that the Earth
was an immense boa{g w/7icf was very much /atgcr n
extent than the then-known lands of the Mediterranean
basin, the home of Greek civilization at the time.

Dave Hanes , http://www.astro.queensu.ca/~lﬁanes/POH~/Notes/ToPic_OOB.I’xtml



More Size of the Earth

Difference in shadow lengths is
a function of anglea

Variations on the theme —

Circumference
= 48 x 5000
= 240000 stades

Rhodes / / Polaris
| /S
" Alexandria / / //
S e Y —_— - /G‘ / ///
= i

; Polaris

g Canopus
5. Method of I-Hsing for Determining Size of Earth, AD. 724

/
/
/
—/ / //
/ // /
/
I/ N 72301 ya -
!, = 1/48 of a circle / 7
,// S e
i /, /// \
gt 3
=
4, Method of Poseidonius for Determining Size of Earth, 100 B.C. /‘\\/i/x’ }
52

Smith, Intro to Gcodesg

7. Use of Triangulation by Frisius (1533), Snellius (1620s)



Smith, Inti

S
P

Returning to |
Shapco the Earth ﬁQ

Next aclvance - SCCOﬂCl Of'ClCI"

o to Geodesy
acﬁus’tment to shaPc 10°
Cassini, France — based on (not
SO goocl) measurements — found

earth elongatecl in direction of j

16°

,

l
rotation axis — so a prolate reeszy
SPhcroid. et T
theory, Plus some (not so good) it
measurements — earth flattened 10°
bg rotation on axis — so is oblate

Newton, Englancl — based on
SPth’Oid (b) Oblate s1 > sy




Smith, Intro to Geo&csg

ShaPe of the Earth @ %j
How to solve — ~
Notice different length of arc tj

FOI" FiXCd angular vaiue.

-~y —>
N

(a) Prolate s > s1

(Note — varying radii of

curvature, various lines Szﬂﬁ | 7\
54

PerPenclicular to surface do not
meet at single central Point.)

(b) Oblate S1> 82



ShaPe o{: thC Earth How to solve Problem ~

LAPLAND North

el Pole Send expeditions to as
s close to ecluator and Pole
as Possiole (where max
and min arcs exPectecD to
______ measure Iength of 1" of arc
57070 {oise
and compare.

Tornea

French
arcs

Riiia [°= 56748 toise

PERU
Cuenca

Result — earth is oblate
(Pumpkin), not Prolatc

| toise = 1.95m (C%) SPI"ICrOiCl.

Deductive cxPcri mcnsig.

Smith, Intro to Geodesy 9. Spread of 18th-Century Arcs



Shape of the Earth

Itis actua“g a 5Phcroicl,

We now think of the sl htlﬂ 'arger in radius at
the equator than at the

PO'CS

ear'l:h as a spherc

To a first
aPPrOXImatlon

56
Geoclesy and Map Prcjections, Benedict, doctorflood.rice.edu/envisiz/handouts/ CEVEﬁIZ_Lab}.PPt



Spheroicl VS E:"ipsoicl:

Are theg the same?
Mathematics books define diﬂ:erentlg e /

D
(a) Obtate Spheroid

/

— Sphcroicl — c“iPsc rotated around

one of it’s axes (circular x~-sech about
that axis). y

~— E“ipsoicl — has an c"iPtical Cross- | a
section through one or two axes and a QA .
circular x-secn through the other two or B p

one axes. ;

D

I
I
I
¢ |F

if all axes are eclual itis a sPhere, it two “ [///
are eclual itis a spheroid or e"iPsoid of 4 E

’ ¢ ipsoi
revolutlon.

C

Smith, Intro to Geodesy 15. Spheroids and Ellipsoid Defined



Shape of the Earth

Modern Earth Size Estimate (WGS-84)
E'.cluatorial Radius Polar Radius

6,5/8,137.0 M 6,556,752.5 M

(hot mentioned, c"iPsoid center = sPhcre’s center)

Smith, Intro to Geoclesg

North

Pole Oblate spheroid
(grossly
exaggerated)

About 22km

# Equator 6378.1km = a

-

6356.7km = b

10. Relation of Oblate Spheroid to Fitting Sphere 58



Shape of the Earth

Spheroid, IS slightlg |arger (<0.5%) in radius at the
ecluator than at the Poles.

Smith, Intro to Geoclesy

North

Pole Oblate spheroid
(grossly
exaggerated)

About 22km

# Equator 6378.1km = a

-

6356.7km = b

10. Relation of Oblate Spheroid to Fitting Sphere 59



How to |ocate/ sPeci{:g where you are on earth?

Define “coordinate” sgstem.

TgPes of Coordinate Sgstems

o (1) Global Cartesian coordinates xX,Y,2): Asystem for
the whole eart

e (2) Geocentric coordinates (¢, ) *

e (3) Projectecl coordinates (x,r?) on a local area of the
earth’s surface*

(*Ignore hci?ht for now. 2-D)

(B is Plane surveging and we’ll {:orget about it for NOW.)

60
Modified from Gcoc]csg and MaP Projections, Bcncdict, doctonqoodrice.edu/enviﬁll/handouts/CEVEﬁlZ_LabjPPt



Global Cartesian Coordinates
(x,Y,2)
v 2

Greenwich
Meridian

-
-
-

E‘quator

E:xtremelg cumbersome and cli#icult to relate to other
locations when translated to two dimensions on surface.
(therefore, use...... )

Geoclesg and MaP Projections, Benedict, doctorﬂoodrice.edu/enviﬁll/handouts/CEVEﬁlZ_Labﬁ‘PPt

61



Geocentric Coordinates (¢, A)

+ Latitude (¢) and Longjtude (A) defined using a sphere

Geocentric
Coordinates

More useful than

(x,y,2), but also not
very “Person” Frienc“y —

Where is
%5.1126%; -89.918272

Geoclesy and Map Projections, Benedict, doctorflood.rice.edu/envisiz/handouts/ CEVEﬁIZ_Lab}.PPt

Prime Meridian



| atitude and Longituclc

Longitucle line (Meridian)

| atitude lirg}c (Parallel
W @ E
S

Range: 90°S - O° - 90°N

(O°N, O°F)
Equator, Prime
Meridian

63
Gcoc]csg and MaP Projcctions, Bcncdict, doctorﬂoodrice.edu/enviﬁll/handouts/CEVEﬁlZ_Labﬁ‘PPt



§ ey Lonﬁitucle in ECJ
F=Rosin g Coordinate Sgstcm
R=R,cos 0
Observer 6(1) = 0,(D) + Ag ’ Greenwich
x(1) =R cos 6(1) Meridian
¥(1) = R sin 6(1)
o
Equator
R - -
X
LatitUCle in Observer
Earth Centered
Inertial (EC))
Coordinate
Sgstcm (assume Longitucle measured 1:)3 timing of
sPhcrical earth) astronomical “events” (sun crossing

overheacl) — ﬂCCClS gOOd CIOC‘(S.

From Kc|so, Orbital Coordinate Systems, Part], Satellite Times, SeP/ Oct 1995



F‘ixiné latitude for e"ipsoid — geocentric (regular,

spherical) vs geocletic (one |iPsoicl) latitude.

INGKN Local Zenith
Observer
ﬁ%\ 4
i ey A
b o | iz

’
|

' |

¢ ¢ | Equator
“ )

Cross section oblate
earth. Measured with
respect to LOCAL

horizontal /vertical.

(degrees)

Difference

(effect exa ggera’ced)

From Kc|so, Orbital Coordinate Systems, Part IH, Satellite Times, Jan/ Feb 1996

012 1

0.10 1

0.08 1

0.06 A

0.04

0.02 1

0.00

Geocentric vs geodctic
latitude

(max difference <0.2°)

0 10 20 30 40 50 60 70 a0

Geodetic Latitude (degrees)

90



Rcturning to Shape of the Earth

Have to consider — third order adjustment to shaPe _—

the Earthis nota Perf:cct e

What to d

|iPsoicl of revolution.

o7

G oba"g — can make a “best fit” e"il:)soicl.

Regjona Iy/ Loca"g (“country”/continental size) — can
make a “best fit” e"il:)soicl.



Rcturning to Shape of the Earth

These “best fit” e“iPsoicls are used as a reference for the
earth coordinate system are called “datums”.

We will start with the “simple” case — horizontal reference
frame/datum.

67



Horizontal Datum Defined:

At its most basic level of definition, the horizontal
datum is a collection of specific points on the Earth
that have been ic:lcnti{:iecﬁaccor ing to their Precise
northerlg or southerly location (lat‘itude) and castcrlg

or wcstcrlg location ongituclc) (Nationa| Geodetic
Survey, 1986).

2-D location on earth or AL

mal:).

Prime
Meridian

4/ v

68
Datums and Grids -- https://www.navigator.navg.mi|/navigator/wgs84—_0‘PPt



—

\

ComPonents of Datums

N

The Ei"il:)soicl

WGS-84 E///PSOH

Semi-major Axis: a =6371837 m

4

Semi-minor

Axis: b = 6356752.3142 m

\/

Flattening Ratio: f=(a-b)/a =1/298.257223563

—~ Plus (and this extremely important part is usually

forgottcn) we /73 ve to say w%cré i’/k‘: or{éin of i’/k‘: c/aﬁ/lm

" Js located wrt the earth and how is jt oriented.

For WGS-84, the origin is the center of mass of the

Datums and Grids - https://ww.navigator.navg.mil/navigator/wgséi‘%_o.Ppt cal t/70



Some differences between sPhericaI and e"iPsoidaI
reference systems
In spherical (Polar) system the “size” (radius) of the
reference system is immaterial (if the two systems share
the same origin).
Any point (x,,4,) on
thcyrgclial Iing Egs the
same “latitude” in either Yy

system.
(L)
N




Mejor subtle’cg —~

we measure where we are by cletermining the local
“vertical”, not by measuring the latitude angle at the
origin.

to North Star

(LY
N

4l




Ina e“iPsoid based system, this symmetry about the
origin is lost.

E‘.“iPsoicls with the same ﬂattening and same origin in
gcneral do not give the same latitude for a Point (x,g) .

Yy to North Star




(x,,?,) has latitude ¢ in one system and p in the other,
while

(X2,y2) has latitude 0 in one system and ¢ in the other.

Yy to North Star




This is because we measure where we are ]33 clctcrmining
the local “vertical” on the reference ellipsoid (which may
or may not pass through our “Position"’), not bg
measuring the latitude angle at the origin.

Yy to North Star




In order to Produce the same “location”, an c“iPsoid with
the same ﬂattening parameters but a different size, will
also need a different Position for its center.

Yy to North Star

—

_\
<
S

—
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Simplified Concept of ITRF97 vs. NAD 83

A Earth's
Ngq Surface
! T g
ITRF97
/ ORIGIN
am?}fff?’--f"' g
"\NAD 83 (Identically shaped ellipsoids)
ORIGIN y shapet &P
Addrl comPIication — not being on surface of c"iPsggicl.

www.evergladesp|an.org/ pm /recover/ recover_docs/mrt/ F’c_lauclerclale.PPt



The “problem” arises because we’re de{:ining the
“location” (latitude) based on the orientation of the
surface at the point where we want to determine the

| location.

“shaPe” of the surface of the earth - with the variations
greatlg exaggerated. For now we’re not being very
sPeci{:ic about what the surface rePresents/ how itis

defined.

Image from: http: //kartoweb.itc.nl/, ‘geometrics/ Reference®20surfaces/refsurf html
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This means that we have to take the “shape” of the
surface into account in de{:ining our reference frame.

We are still not even considering the vertical. We're still

onl discussing the oroblem of 2-D location on the
Y gecp
sur‘Face o{: the earth.

78
Image from: http: //kartoweb.itc.nl/, ‘geometrics/ Reference®20surfaces/refsurf html



