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Chapter3 —part 1
Building a Geospatial

Database
—— Map Projection

2014-11

Primary Tasks of Spatial Data Input
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—. Map Projection &

Coordinate System
Goals:

1. Main properties of coordinate systems

2. Main coordinate characteristics of
commonly used map projections

3. Shape distortion induced by map
projections
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—. Map Projection &
Coordinate System

@ Shape of the earth

' Geographic coordinate system

@ Map projections

’ Subdivision & numbering of
National Topographic Map
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1. Shape of the Earth
Modeling the earth
ml.1 33K 4 B & & & (topographic surface)
ARERETREAMNZFF B EER
m1.2 33k &) 4 2 % & (Physical surface)
KHu KA #) (Geoid): 5 bLiG-F @A 469K ER,
B AL AEA KA @ AR SOk @ d Ry, P F i

v Bl RAH R — AN |

RRKRE KR LR ARRRFHES FEE, Pk
RYERE.

By KK & 6 B 09 AR K HAR(Geoid)
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= Geoid

® a continuous surface which is perpendicular at every
point to the direction of gravity

---surface to which a plumb line is perpendicular

® approximates mean sea-level in open ocean without
tides, waves or swell

® “that surface to which the oceans would conform over
the entire earth if free to adjust to the combined effect of
the earth’s mass attraction and the centrifugal force of
the earth’s rotation.” Burkhard 1959/84

® satellite observation (after 1957) showed it to be
somewhat irregular ‘cos of local variations in gravity

resulting from the uneven distribution of the earth’s
mass.
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Shape of the Earth

. In fact: spheroid
Supposition: sphere  mr@ma. st

2014-11

m1.3 3k 3k 69 4 % % & (Mathematical surface)
RHLI 69t 0 A A B R S R

#HF LR — AR G RIR) RRE X
AR, Bp A MR EF R &

Ellipse Ellipsoid or Spheroid
Z Z
b

Q_ a X

&
F & F,
or the earth: :
P Major axis, a = 6378 km <—|—>
Minor axis, b = 6357 km Rotational axis
201411 Flattening ratio, f = (a-b)/a
~1/300

B Spheres and spheroids (3-dimensional circle and
ellipse)

o mathematical models used to approximate the geoid
and provide the basis for accurate location (horizontal)
and elevation (vertical) measurement

o sphere (3-dimensional circle) with radius of
6,370,997m considered ‘close enough’ for small scale
maps (1:5,000,000 and below - e.g. 1:7,500,000)

o spheroid (3-dimensional ellipse, flattened at the poles)
should be used for larger scale maps of 1:1,000,000 or
more (e.g. 1:24,000)

o the issue is, which spheroid?
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w14 5 AR e A SRR S

HWHREHR FR KEE (m) A 2 &
Clatke 1880 6378249 1:293.459 % H
SEEXME 1940 6378245 1: 2983 % %%
1980 k34454 1979 6378140 1: 29825722 TUGG
2000k e 4477 2008 6378137 1: 298.257222101
WGS84 1984 6378137 1: 298257223563 &3
International Union of Geodesy and Geophysics
WGS-84 = World Geodetic System—1984 Coordinate System

KE19535 5 A 2 B8%E XA EM R LK, 1978 F4k
Ji 0 22 3 3o Al AR 3 A,

2014-11

m 1.5 Relationship of Land Surface to Geoid and Spheroid
GPS (global positioning system) measures elevation relative to Spheroid.
Traditional surveying via leveling measures elevation relative to geoid.

Ellipsoid

2014-11 v measured on ground to be greater than
on the spheroid. Corrections may be applied.




Geoid and Ellipsoid

Earth surface

I Ellipsoid
Ocean

Geoid Height Anomaly

Geoid Height is the elevation difference between
a standard shape of the earth (ellipsoid) and a surface
of constant gravitational potential (Geoid)
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Definition of Elevation

Elevation Z

Land Surface

Mean Sea level = Geoid

Elevation is measured from the Geoid / Gquasi-geoid

Height Anomaly = Geodetic height - Normal height
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SERERE X

m k33 (geodetic height) : A§M—xuid &5 T B ey
AR G R R B AR B IEH, ARG, X
s AR (B, L, H) #9345 2H,

m iE 5 (orthometric height) : 48 A —3te @y &5 L3k 249 F /)
K KIAKEDHIES,

m k3K AE@EZFE (geoid height) A K3 KA @G k%
B e SR AR R A9 IE

m E% % (normal height) : 3 & B4 K 3K & @ 6945 &
BH, HRAZEGET G, LAREK,

m S42%5% (heightanomaly) : fil k3K @ 5 5 &k
EARESESE-

S = [EaaiE + AtKEEZERE

= [EHE + BERE
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Measuring Elevation
m so far focused on horizontal location (“X,y™)
m vertical location or elevation (z) also important
m Traditional surveying uses “leveling” to measure elevation relative to
mean sea level (MSL)
— MSL is arithmetic mean of hourly water elevations
- MSL is different for different countries or locations
— Leveling follows geoid, thus elevations (orthometric height) are relative to geoid
m GPS (global positioning systems) knows nothing about geoid so its
elevations (called ellipsoid height) are relative to a spheroid
(usually WGS84)
m The two may be (and usually are) different—by as much as 87 meters
worldwide
— in Texas ellipsoid heights about 27 meters less (lower) than orthometric (geoid) ht.
— Spheroid (ellipsoid) above geoid everywhere in 145

http://www.ngs.noaa.gov/GEOID
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China EMGS6

L atitude

Longitude
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2. Earth Coordinate System

n JBIRAAFR(Geographic coordinate system)
AR |, BiRRESER O ERUAIERE AR,
EXNEZRD , W HERARRAPNESES MR

% RNEGE. KRR,
RIXLLHE R L
l l geodetic longitude

ZERS

astronomical longitude
HETH latitude

latitude

KK HETH e tIR A
mEL R
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Prime Meridian

o Latitude and Longitude

Meridian [~ \
Prime Meridian
Meridian of longitude

Greenwich z
meridian

Parallel of latitude
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Measuring Latitude

geodetic latitude (d):
angle of vector
perpendicular to

( ellipsoid surface

geodetic latitude is
always used.

2

Because the earth is flatter at the poles,
close to poles tangent must ‘move’ further|
e to change by 1 degree, hence 1 degree of
- '\ lat. is longer at poles than at the equator.

b -- semi-minor

geocentric or authalic latitude (c):
angle of vector thru center of
ellipsoid

EIIipsoid For a sphere, geodetic and geocentric
f=flattening=a-b are the same. On authalic sphere used
a for small scale mapping1° lat=1"
long = 69.11 miles (both Clark & WGS84)

-- semi-major axis
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w JRE R AR AR 5 A8 bR R Gt
1) 19545 T AR R o AT A BR1942F 447 R B

Mzt F2A AR KB, REERFIHY
WL RAKR, RALBEE KM EMRLHK

2) K986 F4E K4 1% 10 B T A8 Kbk
B L, FRAIT5EB R AL ﬁ‘f?fi/r‘a’-ﬁ?k

W AFW AR, it b R A & Kb B AR
, #RA19804 K AAFHR, (Xi' an 1980 datum )

3) 200847 A 18 48 F2000E R K447 AR, &
S5PATE R R AR R B, A6 18R A8F
104,
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m HEKFEER

HEZEGLF DR EETHEKE. 195654
FHEZELTRAERSE, AMBISH &6 8T 5
ARGEF BB EHIN, HAH19565FEHSH
£%,

19875 B RN LEH M : FENZEELLGE A
K1985E R HE LAY BAE SE1959 5545 A
0 CEBETFHEKRTY o 195SERSAEZEEY

KEHFHHEKREY EA29E K,
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B SRRSO BRRHXR

— s -'I BossE
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w O B AR T ELA AR R

Greenwich
Meridian

Equator
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3. Map Projection

Flat Map

Cartesian coordinates: X,y
(Easting & Northing)

Curved Earth )
Geographic coordinates: ¢, 4 Il’ i
(Latitude & Longitude) T
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3.1, HBE#LF (Projection)

m FEAHES
1) AR

2) FEFE
Al g 5P A4k

3) R
B!
EHr b IR R T 120 26 P P 45 b i S 250 3 1 - T
b, WRGEERM S LS AL MR HER
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4) BB S (the Concept)
HipkifsakRE (SBkEkiERE) SHBTEZER5 R (5K
S58&) AR, mighskEn X —SibIReiER e, A,
HitETE LHENSNERLIRA x, v, WRFBERREE%
MEGEMNFETLEHMENSTER: ¢ =F, Ky A=
F,(x, v)
FtxFy : x = f (¢, N) y=1F(s, A)

Origin
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m A method by which the curved 3D surface of the earth is
represented on a flat 2D map surface.

m 3 two dimensional representation, using a plane
coordinate system, of the earth’s three dimensional
sphere/spheroid

m |location on the 3D earth is measured by latitude mad
longitude;

m |ocation on the 2D map is measured by x,y Cartesian
coordinates

m unlike choice of spheroid, choice of map projection does
not change a location’s lat/long coords, only its XY
coords.
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5) LI
@ BUFEH

@ HHBHTFR
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m BB TARE
) ki
2) @&
3) AR

Ko/ | ~

KEERE

FREREEH UTMEE
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3.2 HbEE 93 (Map Projections: classification)

& A ARYEH B BF 0 BT R AE
¥ A#&% (Conformal Projection)
% @ A 4%% (Equal Area Projection)
£&#%  (Aphylactic Projection)
[% 3E & &% (Equidistance Projection ) |

*B RIFEHRY @54 e ML B
E4#%% (Normal Projection)
Heth % (Transverse Projection)
#H4h#% (Oblique Projection)
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& C. R W\ IR
B4t4%% (Conic Projection)
B 44 % (Cylindric Projection )
F15i#%%  (Azimuthal Projection )
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BRI SRR &
OD BYEAHGL

(3] i L

& | (O

P F

B
:ﬁ: T ; ‘ﬂi‘k *‘ma

o T B
TR A

5 BE PR Rk B
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3.3 Commonly used map projections

Conic

& B4EHZRY
DAHEFA FaBRPEER
H4EBRYZ 5
Jw: Lambert =iE b % /4 8] 4 8%
Stangarg Mbers = EHF @R B RY
parallel o) EHEAERY: SEAR
5 SEK, BEAEGFE;
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o ARER
L 1) A%¥A. FERMEEGEE
Cylindrical .
“g\ 1 Mercator¥ — ¥ f W %
Line of contact

Gauss - Krugerd& % — F Ak

I ERY
UTM& % — ¥ AR Mm%

#

2) EHEERYT:
HEA—BHITEE, 24
AELTHENS —BFITH
Ko

M
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Point of
contact

*» FIRR
EHBRY I
HEARSH, 24
AHE 2, BEEK
BEH AL ANk
AETRE

] Azimuthal
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3.4 WERFEEN—RFRN
® RERRELY U S ERORAS RES—
, RS E EXH,

OEENTHE: THRRER. BRAEELE,
GIS# i, HBAF AR LKHHERT.

S EREAREFERANEY R—K
& 55 B bH| RABERS
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How to choose a map projection?

m |ssues to Consider:
— extent of area to map: city, state, country, world?
— location: polar, mid-latitude, equatorial?
— predominant extent of area to map: E-W, N-S, oblique?
m Rules of thumb
— Choose a standard for your organization and keep all data that way.
— Also retain lat/long coords in the GIS database if possible
— for small areas, projection is less critical and datum is more critical; reverse for
large areas
— check contract; does it specify a required projection? State Plane or UTM often
specified for US gov. work.
— use equal-area projections for thematic or distribution maps, and as a general
choice for GIS work
— use conformal projections in presentations
— for navigational applications, need true distance or direction.
— Even though modern GIS systems are sophisticated in their handling of

projections, you ignore them at your peril!!!
201411

3.5 HEMEREEERS

& KERR R RIGE XY R %:

1) HWHR<=1:1007, RAZHHK
% (Lambett Projection) , #&#H# X,
FAEHIEBEY

2) BRHIR>=1:50%, RAHM-%

S#E% (Gauss — Kruger

Projection) , ## & X
F AR AERY
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& FH—W BB RS

REKER. HEEER.
L E R BN T 1982205
RIE, EBERKLAE
EEEBRTI2FEY
AR AR, HAEH B
— A BREY.

> b hZEfFERPREALAINGALL

> BHEERAELEN (249K ABRIE
> &4)

> P RZBEEEARKEEW

> AR —%% L, %?k”%t@,gmtk
>/§]§],‘Qz9§@—t Féy'ﬁ' ﬁli x‘ﬁ/ﬁ%k fli
> KMAAEFE
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& Sl— BRI

) S RY B A R BRY TR, RIEH
aﬁlﬁkzﬁwﬁ—L%ﬁ:%fQ& A
>=1: 1%: @E3E 5%
3) o HIER R T
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1:2.5—1:507

§ ¢ g 78 sf 87 of of wf uf us 12f 1af 1t

°| 126 320 138

RFHEETFL: 15
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eEMFRAR LA

o BB R AL A

FRR, XHATHRESLIRY B
. s VHR AR E L.
o * FUEAFRR A FER500 KM.
)\\ o EEEBAFRZ AT LS.
."Ir’lu' 'h‘
/] N I A B AABRARER S 51
I st:“rr--'-*.l-l"-\ Ya = 245863. 7n
I ] iJ;__ll__{«'. A Yb =-168474. 8m
w T FEEE500 Kn EAEN
l In i Ya’ = 745863. Tm
' - s g Yb’ =331525.2 m
°_‘_'_’;‘;f”:_h a4 ] L4520
’ [ Ya = 20745863. Tm
" ! Yb = 20331525. 2m
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3.6 WEKRPHEEER

critical required information
o TREHRRE Bl R E BT

datum projection type & parameters
o BiEEEA T IREE BNRE
o RHhEEAEREAL

Jb31954  FE%1980 WGS84
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4 T B K 28 A 9 5

Subdivision & numbering of National Topographic Map

n BRAKSA REBEAAFL: 15, 1: 255, 1
D 5% 1: 10 1: 20%. 1: 50% #=1: 100%
Ao

n EEMEEE B Ry A KR P DA,

B —A&AL 1075 Fo 2K bAp) Re K rbtp) RILHE ;

m1: 105 £1: 100%: ¥ rbts) RILE ;

m ) F1: 1007 s pefs) R3E .
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& 1:20,

1:5%5
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20

B LA ROt A B P /)
Je L B i TR PR BB 5 &

& o A

Rz BRI B AT
z25 E7 4
1/100 6& 4F |||L
1: 50 3F 2 |||4 1
1: 20 ¥4 404 ||| 36 9 1
1: 10 304+ 204+ ||| 144 36 4 1
1: 5 154 104 ||| 576 144 16 4 1
1: 25 754 54 ||| 2304 |||576 64 16 4 1
11 34458 ||| 254 ||| 9216 ||| 2304 ||| 256 ||| 64 16 4
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Hu % P (K S i g 5

1 1007 3BHmT (ALRE—SBHT)
GUE : w Al AR REELS 24 A —F), AEddk
88% (488 AR mMLE, RAMFTEHRY EBAR
B) , ¥dERENHAH225, 25 AETFHA. B, C

T80 W2 EI80 RO R ERCEA —4T, Sibsk—R %
HG604T, 2R AHKFL. 20 3. 460k T

n yFHLAERGZEAR, WA GFERGE S
A=A, F R B G R I H T — BRI,
RINBGFHEAEN, TROARFELE, TRA—
R EE, 400 T (116.4°,39.99)

BE S L —HE 5% F]-50
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10075 T BB - BRI 4S5 (B3O

RO, RELHERLENINENE
h, BIBREFLE 600~ 76° 1709 BIRER /X

HERHP) o

1: 50/5. 1: 2075, 1: 10/ E %S
— | isoz=s50h |

MEH (BEXIZ, HEHL) ; ESE
BT BREREIX || 70-59 MINEBRER/GVINGS# (BEK2r,
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10" 190
- .
| -
T’f »’—-’m‘_ic%f— A [ 3-50-(28)=2077 (3618) |
V.
—:4 —-H (5) 0 12 |_|
i -
— e J-50-28 = 1077 (14418) |
{130 (10— —i15)—fA 16 a7 %Zﬁ
o J007
n L]
e (21— —(22 i
J-50-144 = 1075 (1441E)
f{zsj__-ﬁj——m - -
109 F 1 1
[+ 13
{31 )}——32)—]—(33 (34} 35 Jomten 36 Jen]
®" 133 | g | 035 | a3 | 07 | s 1!§|un JETR LSRR BT p
i} w o

2014-11 50 1: 1007

1: 5/, 1: 25/, 1: 1LAtEEKERS

n UL 10753 IS S o0, K—IB1: 1075 E R4y
TE1: SHME, SREHE. 2. H. THR, HESEEL
: 077 ENEmSE M EEARSHFS, WI-50-32-F.

n PR —IEL: 5/MERISTUIEL: 255 R, 4AMHL. 2
. 3. 4FR, HmSREEL SAMEENGS ENLLEERS
KPS, nJ-50-32-F-1.

w 1. 1G5 ERNRS, RU—IEL: 1077 HTE E R4 H641EL
: VAR, 2HUHEESH (1D — (64) £R, HES
RIEL: 10HBESEmEL: U5ERFS, I-50-32- (10
) .

n —IELl: 1AM ERIS N4EL: 50003 E, 4RH/NSRL

T=Ea. b, cv dR, HETREL 1ESEMLEE

BHFS, 3-50-32- (10) -a.
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Summary:
Representing the Earth: Topics

m Geoid and Spheroids: modeling the earth

m Latitude and Longitude: position on the model

m Datums and Surveying: measuring the model

m Map Projections: converting the model to 2 dimensions

m Scale: sizing the model
— cover under Data Quality
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Summary: Measuring Position on Earth

X-Y coordinates

zﬁ;‘z --derived via projection from

- lat/long
. --represent position on 2-D flat map
% surface
*  Lines of latitude and Longitude
Where am 1? --are drawn on the spheroid

This guy’s latitude and --establish position on 3-D spheroid
longitude (and elevation
Spheroid: “math model

representing geoid”

differ depending on
spheroid used. E
~—

-

Spheroid + tiepoint = datum

- S
- -~
’z ~ .
. AT~ eoid:
Elevation of land surface may be: i f | .
~-above geoid Land Surface: ~ -lineof equal gravity

(traditional surveying) --mean sea level with no
2014-11 - __ahove spheroid (GPS) wind or tides

Best Map Projections by Size of Area:
continent or smaller

m E/W along equator m Straight Great Circle
MERCATOR (conformal) GNOMIC
CYLINDRICAL (equal area) m Correct Scale- between points:
= E/W away from Equator TWO_POINT_EQIDISTANT
LAMBERT (conformal) = Correct Scale- along
ALBERS (equal area) meridians
= North/South AZIMUTHAL (polar),
TRANSVERSE, UTM (conformal) EQUIDISTNAT,
m  Oblique region SIMPLE_CONIC
OBLIQUE_MERCATOR (conformal)| | m Correct Scale - along parallels
m Equal extent all directions POLYCONIC, SINUSOIDAL,
POLAR, STEREOGRAPHIC< UPS BONNE
(conformal)
LAMBERT_AZIMUTHAL (equal
area)
2014-11

Source: Snyder, 1987 Map Projections - A Working Manual.
Workshop Proceedings, 1995 ESRI User Conference, p. 552}




Appendix

Projection Reference Materials

Useful articles on ESRI's Support Site:

FAQ: Where can | find more information about coordinate systems, map
projections, and datums?

http://support.esri.com/index.cfm?fa=knowledgebase.techarticles.articleShow&d=17420

FAQ: Projection Basics: What the GIS professional needs to know
http://support.esri.com/index.cfm?fa=knowledgebase.techarticles.articleShow&d=23025
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