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Georeferencing and projections



plane surface (map)
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— modelling the surface to be projected
determining the shape and dimensions of the surface

— projection of the surface on a plane
establishing a projection algorithm




* Given that:
the Earth presents heterogeneities due to:
» the non-sphericity of the terrestrial volume
» heterogeneity of its density
 the variable altitude of its surface

 Modelling of the terrestrial surface:

— geodetic reference base (position/centre of the Earth)
» Cartesian coordinates

—ellipsoid (longitude, latitude)
» mathematically defined envelope
» geographic coordinates (polar)

— geoid (2):
 gravitational equipotential surface
* mean sea level
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This corresponds to the topography that a terrestri al surface would have if it was
covered by oceans at rest, only subject to terrestr lal gravity, i.e., a surface on which
water does not flow.
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Clarke 1880 IGMN |B378249.2 | B356515.0 | 285466021 | 008245525676
EDE0 Hayford 1403 | B37E388.0 | 6356311 84617 | 297 000000 |0.037149188448
Wi (5554 |AG GRS 1980 |B378147.0 | 6356752314 | 298 257222 |0.08181914106
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$ Normal reference: WGS 84




Mo
projection |
‘5:‘-5 cartographique
P 3
2 >
=

méridien origjpe

X
 The coordinates in projection of M are cartesian co

point m, image of M in the plane projection equippe
orthonormal frame of reference (O;e,n)
e The cartographic projection is defined by two funct

that:
E=f(j )etN=g(l,j )
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« Ellipsoid + datum + projection function

* Going from one system to another:
® (x,y) projection1® (j,l) ellipsoid 1
® (j,l) ellipsoid 1 ® (X,Y,Z) datum 1
® (X,Y,Z) datum 1 ® (X,Y,Z) datum 2
® (X,Y,Z)datum2® (j,lI) ellipsoid 2
® (X,y) projection 2

* In practice... the GIS takes care of it
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* Projection = deformation!
— ellipsoid plane

— all projections lead to deformations:

» Depending on the properties of the projection, some will conserve the angles,
others the areas.

» Distances are never conserved over the entire map.

* Projection type projection quality
— conformal projections:
conservation of angles, distortion of areas
— equivalent projections (also called equal-area projections):
conservation of areas, modification of angles
— aphylactic projections:
do not conserve areas, nor angles; more ‘aesthetic’
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Il is impossible to conserve both:
— directions (navigation)
— areas (political or statistical maps)

Tissot’s Indicatrice Ellipses

Identical circles are drawn at different latitudes then projected:
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Mercator projection: x=Il , y=tan(j /2 + p/4)

(conservation of angles, distortion of areas)



Lambert’s equivalent projection

(conservation of areas, modification of angles)



‘Square and flat” projection (also called equirectangular): x=I , y=]

(does not conserve areas, nor angles)
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Transverse cylindrical
projection

The cylinder is tangent or
secant to a meridian that
we call the prime meridian.

The image of the prime
meridian and of the equator
are perpendicular lines.

The parallels and the
meridians are curves but
are orthogonal between
themselves.
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System of 122 Transverse Mercator projections.

- Defined in about 1950 by the US army to represent
the entire Earth.

- made up by the juxtaposition of 120 conformal
transverse Mercator projections:

- 60 meridian zones 6 wide to cover the entire globe (between
80 South and 80 North),

- 2 projections for each zone (North and South).
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