Earth Science APPIications of SPace Based Gcoclesg

DES-/7555
Tu-Th 9:40-11:05
Prefer - Seminar Room in 3892 Central Ave. (Long
builcling)

Bob Sma"eg
Office: 3892 Central Ave, Room 10?%
678-4929
Office Hours — Wed 14:00-16:00 or if I’ m in my office.

httP: // www.ceri.memphis.eclu / People/ sma”eg/ ESCI7355/ E5C1_7555_APPlications_oF_SPace_Based_Geodesg.html

Class



GRADING
70% homework assignmcnts
aPProximatelg weeklg
Each assignment will be Passecl out1-2 weeks
before itis due and should be worked on
throughout the given time Period

10 % Attendance and Participation



GRADING
20% Final F’roject

Each student will clesign, implement, and Ercscnt a small
scale sPace~basccl gcodcsg researc Project.

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

TOPiC SI'IOUICI ]DC ClCCiClCCl on ancl aPPf'OVCGl no later than
October 9, 2012.



GRADING
Final Project

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

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

final gracle.



Academic Honor Code

Itis acccPtable to work togcther/ heIP one-another on
homcwork to bettcr understand the matcrial.

It is accel:)table (it will actually be essential) to refer to
other books and l:)Ublisshc:jj material provided that
these additional materials are cited appropriately in

the homework (inclucling web sites) . ”

Each student should complete their own homework
scParatelg.
Simplg copyingt'lc homework of another student or a
singlc group” homework is NOT accePtaHe.




No textbook

m——

We will have reacling assignments from a number of
sources.



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

httP: // www.ccri‘memphis.eclu/ People/ sma”cg JESCI7355/ ESCI_7§55_APP1ications_oF_SPacc_Basccl_Gcoclesg.html

Please let me know if there are any Problems with the

WC]D Pa gC.

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

Please do not blinc”g Print the notes out.

(I will remove the back[%rouncl from the notes to save
yellow toner.)



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

Basic

Linear Algebra, Geoclesg and GFS, Strang and Boore



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

geocletic and technical

GPS Theory and Practice, 5t Revised Ed.,
B. Hofmann-Wellenhof, H. Lichtcncgger, and J.
Collins, SPringer~Vcr|ag, Wein, New York, 2001.



Other books

geocletic and technical

Understanding GPS Principles and Applications, 2nd Bd.
E.D. Kaplan, C. Hegarty (eds.), Artech House, 2006.

Globa Positioning Sgstcm: Thcorg and A lglic:ations,
Volume 1& 2, B.W. Parkinson, J. Pi"<er F ds), Am.

Inst. Aeronaut. Astronaut., Wasl’iington D.C., 1996.



Stutf from the internet

Tutorial ~ E"iPsoicl, geoicl, gravity, gcoclcsg and
geop NYsics
X. Li and H-J Gotze

Geophgsics, Vol 66, No 6, 1660-1668, Nov-Dec 200L.

www.lct.com/ tccl'mical—Pagcs/ PCH:/ Li G _Tut. Pchc



More stuff from the internet

D. Sandwell

GEODYNAMICS-~ SIO 234
ht‘tP: // toch.ucsd.eclu / geoclgnamics

Units 14 2 parts), 15 2 Parts) and 16
all on gravitg) .



More stuff from the internet

Basis of the GPS chhniclue: Observation Equations
G. Blewitt

Appears in “Geodetic APPIications of GPS”, Swedish
land Surveg.

l"lt‘tP: //www. nbmg. unr.edu/staff/ Pd{:s/ 15lcwitt%ZOBasics%ZOomc%ZOgPs.Pcl{:



More stuff from the internet

GPS Data Proccssing Mcthodologg: from Thcorg to
Applications

G. Blewitt

GPS for Geoclesg, PZ§1~7_7O, SPringer~Ver|ag

httP: //www.nbm 14 unr.edu/staff/ Pcl{:s/ gPs%ZOFor%ZOgcodcsg . PCH:



More stuff from the internet

GPS and SPace Based Geodetic Methods
G. Blewitt

chaPter in Treatise on Geophgsics, Vol. 3., PPp- 551-390,
2007.

Ed. Thomas Herrin% Ed.-in-chief Gerald Schubert,
Academic Press, Oxtord, UK, ISBN: 0-444-51928-9.

httP: // www.nbmg.unr. edu/staft/ Pclf:s/ blcwit’c_treatisc.Pcl{:



More stuff from the internet

GPS Positioning Guide

Available from

Natural Resources Canada

httP: //www. gcod.nrcan. gc.ca/ Publications/ PaPcrs/ gps_c.PhP

(Plus lots other stuff)



1. Introduction.

Course objectives and overview

ARy SRy ARy SRy SRy ARy AR SRy ARy SRy Sy ARy SRy SRy Auy ARy Sy Auy Sy Sy ARy Sy Sy ARy ARy Sy Any Ay Sy Any Sy Sy ey Sy sy ey sy sy ewy sy

) Unclcrstancling and ap reciation of modern (satc“itc
basccg Gcoclcsg.

2) Abilitg to use tools of modern Geoclesg.

%) Abilitg to use results of modern Geodesg in multi-
clisci!:)linarg studies.




Outline:

Shape of the Earth
Pl‘lgsical vs. Geometric clescriPtion (reference frame/
Coordinate sgstem)
Time

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

Processin J4

Applications — moclcling



GUNTHER, |'M

F=12, SECTOR M,

LOST! WHAT |\LEVEL ONE. WHERE

BUILDING 15

ARE YOU TRYING

ROOM
D-27

OK, THAT WOULD
BE COORDINATE
1-72. FROM HERE,
GO OUT THE WEST
DOOR, TURN LEFT

AND GO 115 VAR

HOW
DO YouU
KNOW
THAT?

GLOBAL
POSITIONING

oV o
2 TG S M) ML RS N A B
\ OO0

/ GUNTHER, YOU ARE A}
MAJOR GEEX... |
BUT YOU RE MY HERO/

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

Dan’ | Boone
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1. What is Geodesy?
(Good question?

One of the basic c]uestions has alwags been

Where am I? (cave, watering holc, etc.)

Which leads to

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

How do | gct there?



1. What is Geodcsg?

(Good clucstion)

Howdo | get there?

Or |10w do| te" someone else how to %ct there
2

(without bringing/ leading them



One solution - Honey bee dance

s Ry A\ Wa le run
nt g BB Oriented 45 to
' rigl'lt of ‘ul:)’
on the vertical

comb (A)

indicates food
source 45 to

http:/,/commons wikimedia.org/wiki/Fle:Bee_dance.png H gl’lt of
Scout bee “tells” Foragcr direction of sun
bees location of nectar outside hive
source. 2 (B).
Reclui res Personal contact 4 égo Note: uses a
(oral tradition) and is reference

CPhemeraI . httP: // en.ipedia.rg/wild/ Wagglc_clance Fra me




1. What is Geoclesy?

(Good clucstion)
How do | get there?

Or how do I tell someone else how to get there
(without bringing/ leacling them or having Persona|

contact)?

Earlg solution

L & £ £ £ X £ £ £ £ £ £ £ £ 4

Mark trail (Permanent)
(or use |and5ca|:>e features)



Another idea

Draw a Picture

24



“Oldest” known “maP"

Catal H3u|<, Turkcg/Anatolia
(Catal Hyuk ; Catalhoytik, Catalhoyuk)
9’ |ong wall Painting. Radiocarbon date 6200 BC

POE Ly = -
i T N, <

| \
B T PPty
[iras' e TV reow, X
R 1 o
AT

s ks i
Writing didn’ t come along till 3500BC!

s
s
ol
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This idea,
when
appliecl on
Iargc scale
also gives —
world view

E:xample ~

Homer s
view of the
world




1. What is Gcodesy?

(Good clucstion)

Quite simplg ‘Geodesy' is the stucly of the shaPe and
size of the earth.

jﬁ/}\

Now | bet you're thinking to 3oursc|{:,
“Heg, 've seen Picturcs of the earth

from space, from the Apollo Moon
Missions, from the Shuttle, and the
earth looks/seems round to me."

Natural Resources Canada — Geodetic Survey Division



1. What is Gcodesy?

(Good clucstion)
Quite simplg ‘Geodesy' is the stucly of the shaPe and
size of the earth. e
So, what's to studg?

Well, the earth is almost round, but not
quite. And, because the earth's not cluitc
round, we need to knowjust what shaPe it
is, so we can make accurate maps (and

other stuff).

Natural Resources Canada — Geodetic Survey Division



1. What is Gcoclesg?

Gcoclesg, traclitiona"g defined as the stuclg of the
shaPe of the earth

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

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

and accurate Positioning/ maPPing

Geodesg IS among the oldest of sciences.



1. What is Geodcsg?

Geoclesg, also traditiona"g includes the studg of
earth’s gravity.

whg?

- At |arge scale gravitﬂ is the Phgsics contro"ing
carth’ s shapc
(earth is “Huid” in hgclrostatic equilibrium)

2 - and %ravitg also has signii:icant effects on the
traditional methods of measuring the earth’ s shaPc.




1. What is Geodcsg?

“.. .Phgsical geoclesg - the shape of the Earth and its
gravitg FicE:l.

This isjust electrostatic tl‘ueorg aPPIiecl to the Earth,

but, unlike electrostatics, eoclesg is a nightmare of

unusual ecluations, unusua% notation, anf con{:using
conventions.

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

From David Sandwell, U. Hawaii



1. What is Geodcsg?

Modern Gcoclesg

- continuation of traditional studies

Plus
- signi{:icant exPansion based on
new technologg
Provicling a several order magnitude im{Provement In

survcging caPabilitg through the use o space based
surveging technic]ues



1. What is Geoclcsg?

Modern Geoclesg

Paracligm change to include changes inearth’ s sl’laPe

(Plate movements, Plate bounclarg deformation, [GlIA,
elastic loacling, ear’thcluakes, etc.)



L

Example:

Co-seismic
clisPIacemcnt
associated with 27
Feb, 2010, M8.8
Maule, Chile

earthquake.

UP to5m
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 comcusing enough):

Geomatics

-~ Refers to the clisciPIines that acctjire, store,
managge, retrieve, maniPulatc and distribute SPatial or

geographica"g referenced data. (basica”g GIS)

— Field of scientific and technical activities which

integratcs a" means used to accluire ancl manage
spatiaug referenced data. (GIS again)

-~ new name for Survcging or Geodesg

-~ Mathematics which deal with the earth.



What is Satellite Geoclesg?

Application of satellite survcging/ measurement
tcchnliucs to “Gcoclcsg" (positioning, ma Pin and
study of size, shaPe and gravity field of earth)

(GPS/GLONAS/DORIS/GALELIO/BEIDOU-
COMPASS/IRNS/JRANS, SLR, VLB, Satellite
Altimctrg, Dop sler)

co"ectivclg called

—- GNSS --

Global Navigation Satellite Sgstems




What is Satellite Gcoclesg?

New definitions of “Gcoclcsg" based on increase in

Precision (e.g. time variations from motions associated
with Plate Tectonics, Tides, Weather/Climate, etc.)




, , GPS/Galileo/GLONAS. ..
Satellite surveying

tcchniclues VLB

SLR
DORIS
Doppler

Satellite Alti metrg

SAR

CHAMP/GRACE /etc.



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

60

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

. -20 -15-10 -5 0 5 10 15 20 (mm)
sreartor oaing  LO@AING deformation




Introduction to GPS sgstem

Positioning/ navigation /time transfer system clcsignecl,
built and funded ]33 Us DOD.

(Fo"ow on to TRANSIT Doppler ~ insPirecl bg
SPUTNIKD




Introduction to GPS system

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

After KAL 007 “incident” in 1983, President Regan

ordered that GPS system design include degraged

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



Introduction to GPS system

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

somewhat unforeseen and de{:initelg unplannecl

Exglosion of civilian use based on PrinciPa 19 grouncl
ased tech nological / engineering developments




‘2’/ APPlications GNSS and
. SPacc Based Geoclesy:

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

Notice — inner and outer core not GPS “mCt”

spherical, temperaturc/ dcnsitg variations , ,
in earth, toPograPhic variations (Ion AtmOSP Neric OCCUItatIOn

wavelcngth ones may be related to above lonos Dth’iC h SiCS
temPcrature/ densitg variations), sea level P I"]g
not “level” (&lso may be related to dcnsitg SPaCC weather

variations), etc. Geodetic scismology



2. Gcoclesg

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

reference frames, c"iPsoicls (geometric)

The Figure of the Earth

3

THE THE AN A
TERRESTRIAL GEOID ELLIPSE SPHERE
SURFACE

From Mulcare



To an observer on the surl:ace, the earth looks flat and
endless.

(so that was the first “model”)

httP://www.amscoPub.com/%ﬁCimages%ﬁCFi]e%ﬁCFilc_‘%—é.Pcllc

45



5|1a|:>c of the Earth

We now think
of the

Some
evidence for
sEhcrical

S aPC:

As shiPs sail
over the
horizon,

theg
“disaPPear"

Gcodcstj and MaP Projcctions, Bcncdic‘c, doctorﬂood‘rice.cc{u/ envis12/ hanclouts/ CEVEﬁIZ_Lab}PPt
And

46
http://www‘amscopub.com/%ﬁCimagcs%ﬁCﬁlc%ﬁCFilc_‘l—é.pd{:



Shape of the Earth

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

(could also be cglinderl)

o
B>a S, >8;
Increasing Increasing
elevation of length of
Pole Star shadows

(b) Travelling North

1. Realizing the Earth Is Not Flat

Smith, Intro to Gcoc[esg

Gcodcsg and MaP Prcjections, Bcnedict, doctomqood‘rice.cdu/enviill/hanclouts/CE‘VEﬁIZ_Lab§‘PPt



’ .
Size O]C tl‘!é Jou can solve for6.
With 8 known,

E a r-th you can use the equation:

(360°/0) x (s)

Once the shaPe was
“known”, the size
could be calculated
from geomctrg and
simple observations

Eratosthenes, 250
B.C.

(“knew”, assumed,
or used without
thinkin’g — Para“clism

of sun’s rays, etc.)




Size of the Earth

Eratosthenes'
calculations were

basecl on two
assumP’cions.

The first was that
Sgcnc lay on the
TroPic ot Cancer.

The second was that
Alexandria ay due
north of Suene on

d ’,
cxactlg thc same ||nc
of |on§ituc e (the

meridian line).

http: //www.nos.noaa.gov/ education/kits/ geoclesy /media/ supp _geoOZa.html



Eratosthenes was

rou Hg correct about tlﬂe size of
the Earth

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

although there is aPParentlg some |ingering doubt
about the exact size of the units of measurement

(stade = 18-

And his two assum

- 81 m) which he was using,

_~y any ey

Ptions about the locations of the

two Places were not cluite correct.

Dave Hanes , Http://www.astro.queensu.ca/”l'xancs/POH—/No’tes/ToPic_OOB.html



But ... it would not matter a %reat deal if he had gotten
an answer which was onlg alf as |argc as the true
circumference, or three times as big.

The critical Point is that Eratosthenes rccognized 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 body which was vc::% much /atger in
extent than the thcn~known [ands of the Mediterranean
basin, the home of Greek civilization at the time.

Dave Hanes , http://www.astro.queensu.ca/~hanes/pOi4/Notes,/Topic_008.html
P 9 P P



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
S
\\\ \\\\_x
\\
o30/ \\
/ / o Canopus
/ /
I //
/’ /
, ,
/
/ /
/ /
/ /
i /
/ // .
/’ /
[ /
/
I
!z
—/ 7/
/ //
/
// \ 7°30°
!, = 1/48 of a circle
!/
Iy

4. Method of Poseidonius for Determining Size of Earth, 100 B.C.

Smith, Intro to Gcoclesg

Polaris

5. Method of i-Hsing for Determining Size of Earth, A.D. 724

T

Polaris

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




Returning to
ShaPeo the Earth

Next advance — second order
acljustmcnt to shaPe

Cassini, France — based on (not
SO good) measurements — found
earth clongatecl in direction of
rotation axis — so a prolate

sPheroid.

Newton, England ~ based on

thcorg, Plus some (not so goocl)
measurements — earth Hattened
by rotation on axis — so is oblate

spheroid

52

|

Smith, Intro to Gcoc[csg s
@
Y

(a) Prolate so > sq

é—slﬁ-

52 ¢

(b) Oblate s; > 5




Smith, Intro to Gcoc[esg s1

How to solve — @
Notice different length of arc Y

for fixed angular value.

ShaPe of the Earth

h
|

(a) Prolate so > sq

(Note — varying radii of

curvature, various lines ST 7\
Perpenclicular to surf:ace do not ok
meet at singlc central Point.)

b) Oblate s1 > s5

- §1 —>
(



ShaPe of the Earth

LAPLAND North
Pello Pole

Tornea

= 57438 toise

French
arcs

!°~
57070 toise

) 1° = 56748 toi
Quito e

PERU
Cuenca

| foise = 1.95m

S e 9. Spread of 18th-Century Arcs

How to solve problem —

Send expeditions to as
close to cquator and Pole
as Possiole (where max
and min arcs exl:)cc:tecl) to
measure |cngth of 1" of arc

ancl comPare.

Result — earth is oblate

m|:>|<in), not Prolate
(cgg) sP]‘neroicl.

Deductive cxPcrimcnt.



ShaPe of the Earth

Itis actua“y a spheroid,
sli htlg Iargcr in radius at
the cc]uator than at the
Poles

We now think of the
carth as a sphcre

To a first
aPProximation

Gcodcsy and MaP Projections, Bcneclict, doctor‘ﬂoocl.rice.edu/ envis12/| l’nanclouts/ CEVEﬁlZ_LabiPPt 56



Spheroicl VS E"iPsoicl:
Are theg the same?
Mathematics books define di#ercntlg

— SPheroicl —~ e"iPse rotated around
one of it’ s axes (circular x~secn about
that axis).

~— E"ipsoid ~ has e"if:)tic.al Cross
sections Pcrpendicu ar to the axes.

if all axes are cclual itis a sphcrc, it two

are eclual itis a sPheroicl or e"ipsoicl of
revolution.

Smith, Intro to Gcoc[csg

A
CA (b) Prolate Spheroid

B
D
b

!
I
|
c |F

s
P
a Ve
7
e
A

(c) Ellipsoid

c

15. Spheroids and Ellipsoid Defined



Shal:)e of the Earth
MODERN EARTH SIZE ESTIMATE (WGS-84)

EQUATORIAL RADIUS POLAR RADIUS
6,378,157.0 M 6,356,752.5 M
(ELLIPSOID CENTER = SPHERE’S CENTER)
Smith, Intro to Geodesy North |
Pole Obla(§r§§ST§r0|d SPI"ICr'OiCL iS
exaggerated) ,
sllghtlg
About 22km larger
L Equator 6378.1km =a (<O’5%> in
N J radius at
E the equator
% than at the
- Poles.

10. Relation of Oblate Spheroid to Fitting Sphere 58



How to locate/ spechcg where you are on carth?

Define “coordinate” system.

TYPES OF COORDINATE SYSTEMS

(1) Global Cartesian coordinates (x,y,z): A system for the
whole earth

(2) Geocentric coordinates (o, A) *

3) Projccted coordinates (x, y) on alocal area of the
earth’s surface*

(*Ignore hcight for now. 2-D)
Gis Planc survcging and we’ll {:orget about it a"togcthcr.)

Modified from Geodesg and MaP Projcctions, Bcncdict, cloctonqood‘ricceclu/ envis2/ hanclouts/ CEVEﬁIZ_Labﬁ‘PPt 59



GLOBAL CARTESIAN COORDINATES
X,Y,Z)
rZs

Greenwich
Meridian

Eq uator

Easiest coordinate system, ever boclg understands it,
but extremely cumbersome and 3ﬂ:ﬁcult to relate to other
locations when translated to two dimensions on the
surface. (therefore, use extensivelg ...... )

Geoclesg and MaP Prcy'ections, Benedict, doctorflood.rice.edu/envisi2/handouts/ CEVEﬁIZ_Labﬁ.PPt



GEOCENTRIC COORDINATES (¢, A\)

x Latitude P) and Longitude (\) defined usinga sphcre

Geocentric
Coordinates

More useful than
(x,y,2), but also not
very “Person" Frienc”g

Where is
Gcodc;ajd AXJP]PLJZCC'Q? Ein;l:cts zszc]dégz /;viﬁ]z/handouts/CEVE51z_Lab5.Ppt Pr| me M cr Cl ‘a(;l?




LATITUDE AND LONGITUDE

Longitude line (Meridian)
N

Wq; E
S

Range: 180°W - O° - 180°E

f

| atitude Iil‘I}C (Paralle]
W @ E
S

Range: 90°S - 0° - 90°N

(O°N, O°E)
Equator, Prime
Meridian

Gcodcsg and MaP Projections, Bcnedict, doctomqood‘rice.cdu/enviill/hanclouts/CEVEﬁIZ_Lab§‘PPt



e Lonéitude in ECJ
FER s Coordinate System
R=R, cos ¢
Observer 6(1) = 6,(1) + Ag ’ Greenwich
x(1) =R cos 0(7) Meridian
(1) = R sin 6(1)
o
Equator
R - -
X
LatitUde in Observer
Earth Centered
Inertial (ECJ)
Coordinate
Sgstcm (assume Longitude measured by timing of
sPhcrical earth) astronomical “events” (sun crossing

overhead) — needs goocl clocks.

From Kelso, Orbital Coordinate Systems, Part], Satellite Times, Sep/ Oct 1995



l:ixinﬁ latitude for e"il:)soid — geocentric (regular,
spherical) vs geocletic (one IiPsoicl) |latitude.

Norih Local Zenith
Observer
Geocentric vs geodetic
F—% latitude

__________:_ : (OO Id o

| Y Mo, (max difference <0.2")

bl Roy,
1 27
¢ L Equator
a J

Cross section oblate
earth. Measured with
respect to LOCAL
horizontal /vertical.

012 1

010 1

0.08 4

0.06 -

0.04 -

0.02 1

0.00

(effect exaggeratecl) T I T
. . . , Geodetic Latitude (degrees)
From Kelso, Orbital Coordinate Systems, Part il Satellite Times, Jan/ Feb 1996

90



Returning to ShaPe of the Earth

Have to consider — thircl order acljustmcnt to shaPe ——

the Earth is not a PerFect e

What to ¢

|il:>50icl of revolution.

o7

G oba"g — can make a “best fit” e"iPsoicl.

Regjona Ig/ Loca"g (“country” /continental size) — can

make a “best fit”

e“iPsoicl.



Returning to ShaPe of the Earth

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

We will start with the “simplc" case — horizontal reference
frame/datum.



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 identified accor ing to their Precise
northerlg or southerly location (lati’cude) and easterlg
or westerlg location ongitucle) (National Geodetic
Survey, 1986).

2-D location on earth or AL

maP

. Meridian
X

67

Prime

Datums and Grids -- https: // www.navigator. navg‘mil / navigator/ wgs84_0.ppt



—COMPONENTS OF DATUMS

b
C 4 The E"ipsoid

WGS-84 E//ipsoid
Semi~-major Axis: a =6371837 m &
Semi-minor Axis: b = 6356752.3142 m |
F/attcnlhg Ratio: f= (a~b) /a =1/298.25722356%

——— Plus (and this extremely important part is usua/{g
forgot‘ten) we have to say w%eré the or[g'in of the datum
is located wrt the earth and how is it oriented.

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

Datums and Grids -~ l'wttPS://www.navigator‘navymil/navigator/wgsé%—_O.PPt cal tho




Some differences between sPherical and e"ipsoidal
reference systems

(11

In sPherical (Polar) system the size” (radius) of the
reference system is immaterial (i{: the two systems share
the same origin).
Any point (x5,Us) ON
thcgrgdial Iing Egs the
same “latitude” in
either system.
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Major subtlctg —~

we measure where we are ]:)3 determining the local
“vertical”, not bg measuring, the latitude anglc at the

origin.

L

to North Star

N




In e"iPsoidial based systems, this symmetry about the
origin is lost.

E"iPsoicls with same ﬂattening and same origjn, but
different size, in gcncral do not gjve the same latitude for
a Point.

Yy to North Star




(x],g,) has latitude ¢ in one system and p in the other,
while
(X2,y2) has latitude 6 in one system and ¢ in the other.

Yy to North Star




This is because we measure where we are by cletermining
the local “vertical” on the reference e“iPsoicl (which may
or may not pass through our “Position") , not 139
measuring, the latitude anglc at the origin.

Yy to North Star




In order to produce the same “location”, an e"iPsoicl with
the same flattenin &aramctcrs but a different size, will
also need a different Position for its center-.

y to North Star

N

P
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Simplified Concept of ITRF97 vs. NAD 83

A , Earth's

— Ngs ’ Surface
% Ny7
- "".
J
ITRFO7
//()RK3WJ
4 e .
\\NAD83 | o
ORIGIN (Identically shaped ellipsoids)

Addn’ | complication — surface of earth
o sreptoneng/om/econsy mer docrmyi mieiens. | OFtentimes not on ellipsoid.



