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Geographic Information Systems

e Definition...

— GIS are computer-based systems designed to
support the

» modeling,

e management,

« analysis, and

» display / dissemination

— of spatially referenced data at different points in
time



Geographic Information Systems

* ... spatially referenced data at different
points in time

Location matters !



Cartesian Systems (2D/3D)
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Cartesian (vs) Polar Systems
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Define a coordinate system

e \What IS needed ?

— Origin Y
— AXes

— Units XA .A




Define a coordinate system

« How many ordinates (axes)?
— As many as the dimensions of space

Z-coordinate

Xcoordinat

0-D 1-D 2-D 3-D



How to specify location on Earth?

We need a mathematical surface
(model)



How to specify location on Earth?

o [ ]

sphere

ellipsoid




How to specify location on Earth?

mean sea level ﬁv

/\/ Earth's surface

rotation axis

geoid Non-mathematical surface

| 10



How to specify location on Earth?

In practice...
plane /, //
Ay <10 km

sphere
< 100 km

ellipsoid
> 100 km




Earth as a plane

horizontal

plane

Ss=R-¢ 2> ¢=RI/s

¢ d = R-sing
R =6.371 km

s(m) | ¢(deg) d s-d (m)
0] 0,00000 0,000 0,000
1000 0,00899 1000,000 0,000
5000| 0,04497 4999,999 0,001
/7500] 0,06745 7499,998 0,002
10000 0,08993 9999,996 0,004
12500 0,11242| 12499,992 0,008
15000 0,13490| 14999,986 0,014
20000 0,17986| 19999,967 0,033
25000 0,22483 | 24999,936 0,064
30000 0,26980| 29999,889 0,111
50000 0,44966 | 49999,487 0,513
100000 0,89932| 99995,894 4,106
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The Ellipsoid

, equator
E a>b
%i South Pole
Bessel Hayford Krassowsky GRS 67 GRS 80 & WGS 84
1840 1909 1942 1967 1980 / 1984
a 6.377.397,15 6.378.388,00 6.378.245 6.378.160,00 6.378.137,0
b 6.356.078,96 6.356.911,94 6.356.863 6.356.774,51 6.356.752,3

f=(a-b)/a 1:299,2 1:297,0 1:298.3 1:298,2 1:298,257




Best Fitting Circle at Latitude (o)

2 -
b-sin
2 - 2
bsin
a 6.378.137,00
b 6.356.752,30
@ (deg) R(¢) (m)
0 6378137,00
30 6372824,42
45 6367489,54
60 6362132,21
75 6358196,07
90 6356752,30




Fitting the Math Surface onto Geoid

ellipsoid/sphere

earth axis == P o e 500181 2
A @ Py LSS A




3D Cartesian System for the Geold

prime
meridian
»
Y
X
equator

|
earth axis (BTS) ~_~



Geocentric (vs) Geographic
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Geographic Coordinates




Latitude (o)

* sphere (vs) ellipsoid
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Longitude (1)




Latitude (¢) — Longitude (1)




Latitude (¢) — Longitude (1)




Geocentric vs Geographic




(o, A,h) =2 (X)Y,Z)

X (K h)cose cosi
Y (K, h)cose sini
Z [K,(1-e%) h]sing




(X,Y,Z) =2 (p,A,h)
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Geographic Coordinates

* |t depends on its size:

Bessel Hayford Krassowsky GRS 67 GRS 80 & WGS 84
1840 1909 1942 1967 1980 / 1984

a 6.377.397,15 6.378.388,00 6.378.245  6.378.160,00 6.378.137,0

b 6.356.078,96 6.356.911,94 6.356.863  6.356.774,51 6.356.752,3

f=(a-b)/a 1:299,2 1:297,0 1:298,3 1:298,2 1:298,257




Geographic Coordinates

* |t depends on how It Is mounted on Earth
(Geodetic datum)




Example
e Crete Island and towns in WGS84

Project Edit View Layer Settings Plugins Vector Raster Database Web Processing Help
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ERE Y )
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Example - Transformation

« Layer: Towns
(WGS84/GRS80: 4326) > (Bessel; 4004)

CREATE OR REPLACE VIEW TOWNS BESSEL AS
select gid, ST_transform(the_geom,4004)
from towns;



Example - Transformation

« Layer: Towns
(WGS84/GRS80: 4326) - (Bessel; 4004)

EllipsoidsBessel Clarke Hayford KrassowskyGRS 67 GRS 80
Parameters1840 1866 1909 1942 1967 1980

a 6.377.397,156.378.206,46.378.88,00 6.378.245 6.378.160,006.378.137,0
b 6.356.078,966.356.5838 6.356.911,946.356.863 6.356.774,516.356.752,3
f=(ab)/a 1:299,2 1:295,0 1:297,0 1:298,3 1:298,2 1:298,257




Example
« Towns in WGS84 vs towns In Bessel

/4 QGIS 240-Chugiak. s o= e |

Project Edit View Layer Settings Plugins Vector Raster Database Web Processing Help
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Example
« Towns in WGS84 vs towns In Bessel

EE e

Project Edit View Layer Settings Plugins Vector Raster Database Web Processing Help
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Example
« Towns in WGS84 vs towns In Bessel

r | R’
/' Measure (OTF on) 2| = |
|Segments [meters] I

310.782
0.000
Total 310.782m
Close Hep
>




The Earth as a Sphere




Cutting the Sphere with a Plane

e






Geographic Grid and Great Circles
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Shortest Paths on the Sphere

 Great circles = shortest paths (1)



Shortest Paths on the Sphere

equator




| oxodrome

equator




Spherical Geometry

° opnerical triangles yu
&



Spherical Geometry

 Spherical triangles

c=K.,R



Spherical Geometry

cosa = cosb-cosc + sinb-Sinc-CosA =
cosA = (cosa — cosb-cosc) / (sinb-sinc)



Length of the Shortest Path

equator

b:900-(pA




Length of the Shortest Path

AB=c-R

b=90°-

COSC = c0sa-cosb + sina-sinb-cosC =

= €0S(90°-¢g)-c0s(90°-@,) + sin(90°-@g)-SIN(90°-@»)-cos(Ag-A,) =
= SinQg-SiNP, + COSPg COSP A COS(Ag-A,)

Hence:

C = acos( sing,-sin@g + cosP-cos@g-cos(Ag-A,) ) [rad]



Direction of Movement at A

b:900-([)A

cosA = (€0s(90°-¢g) — c0s(90°-¢,)-cosc) / (sin(90°-¢,)-sinc) =
= (sinQg - Sin@,-€0SC) / (cosp,-SINC)
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