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The term P,
- representation of latitude and 1o

. formed is called gi‘ati‘jcule;._' S _

- MAP PROJECTION R

“ways to present the earth’s surface on a flat

- asfaras practié;ablé.'by?;fhéan-s_bf.mgp~projections._

Projection means the pres_éntatiOnfi,of'tifna[ge, on scréen. A'Map Projection mean's the " b

ngitude of the globe oh a flat sheet Qf.“papé_r; The network t.hus »

paper rhaiht_ain__ing the
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Chaplor2: MAPPROJECTION * tir. ..
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Cartography. Many of the map projections,

though theoretically conceived- are-difficult to
construct and are of very limited use: We

will discuss in this chapter a few principal map
- projections, Whlch are frequently used and easy for construction. :
TABLE 2.1
_ Classification of Projections - -
- Projections “Forms . (. . Types
ARE .ZenithalProjectionsA |0 Perspeciive | o | (). Normal (Polar)
) ey Bty (i) Non-Perspective . * |- (i) Obliqua
| | ' S ' . ) iy Equalorial
PR '_-‘c°l‘l‘?al_?'°l9°llQ"5' [ () Perspective -1 - @ Nomal
£ TR |- () Non-Perspective . . | - oy
33'-Cyli_ndrical Projections ) Non-Perspective " () Equatorial -
L e ' (i) Transverse
| e - (i) Obliqlre
A Q:Conventlonal 'Projectians e

. .t ! T AT L

The Gnomumc or Central PrOJectron SRR R bl S0 & o

" Thisisa commonly used Zenithal PrOJectton Itis a perspectrve pro]ectlon The source of Irght :
is at the centre of the globe and the projection plane touches the globe as tangent at some point,
normally at one of the Poles (North'or South) or on the Equator. However the point may lie

. elsewhere ' - | ' 3 e B

: 'Polar Case

-Graphu:al Constructron (f' ig. 2. 5) SN SR T .

- 1. Calculate the radius “(R) of the Reduced Earth (The radlus of the reduced earth is
.- calculated as dwrdmg the earth’s radius (2,50,000,000 mches) by denominator of R. F)"
2. Draw a circle to scile to represent the globe S A

3. Draw radii it required angles (given interval) i.e. OD OA OB etc and stretch the lines . oyl L
~ tothe prolectron plane DD’ The plane DD’ is drawn asa tangent touchrng the pornt N
(Pole). .

4. Take the radrus NB’ to draw the parallel (B’ ') As <NOB = x, i.e. the complement of ?
 (B'B') = (90°=x): Say, <NOB=10°, then the paraIIeI has been drawn for 80° (i.e. 90°-1 O° L
. =.80°). Similarly other parallels can be drawn, .- - :

g o Draw the meridians with the help of a protractor at the grven mterval of Iongrtude from e
" the point N as centre.

TRERGY N Label the parallels and mendrans conformmg the text SN
A A Put the scale at the bottom and Iabel the map projection with its trtle at the top

gt s

: o In all constructoons forpro;ectlons radrus of the reduced SRTOLTEE B TR I e
earth shallbecalculated accordmgly e L3ty SEY R UEL vk OB
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Deformation - @
Along the two principal directions, it is the balance
of the scale factors that determines the nature and
magnitude of deformations on a projection. There
are four principal types of deformations. These are
deformations in area, shape, distance and
direction, which are mutually exclusive in nature.
~ On a projection transformation, scale factors are
simple vectors, their products and resultants
determine the specific property of a projection.,
On the basis of this, projections are classified into .
~ five types: | - ‘ |
1. Equal-Area Projections | |
~In these, the area of a segment on the
generating globe is truly preserved on the
corresponding segment of the graticules. At
any point of such p'r_bjectiohs,'the product of
- the two scale factors is unity, or, in other
words, - ' L e ' N

These are also called authalic, -
homolographic or equivalent projections.
2. - Orthomorphic Projections -
- Here, the shape .of a segment on the
generating globe is truly preserved on the
~corresponding segment of the graticules. At
any point of such projections, the two ‘scale
factors are'eXact]y equal in magnitude. The
necessary condition of orthomorphism is,
therefore, the equa'lity‘of-'sc'ales along the two
principal directions; i.e., .
RSF=TSF
These are also known as true-shape or
conformal projections.
3. Equidistant Projections
~ In these, the distance between any two points
. on the generating globe is truly preserved
between the corresponding points on the
- graticules.. L 2 oy
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. are. L_cncncally ncither. azimy,

. hap.

.- Azimuthal Projections ; uival ngg
Here the. .mm;'nh defining the directions equidistant, nor cquivalent And nor coq rrrn;,
between any two points on the generating
globe is ():-uly [l:m:,crvt.d between ‘the Class:ficatnon of lz/l?llpj’l‘o.lectlon i
carresponding two points on the graticules. . Map P"o-'cc“‘om ']:_ andl:mﬂmenhll CIassiﬁéH"'”

5. Aphylactic Projections based on the exirinsi lrmszc Properties::

~ In these, neither of the above four propertics, extrinsic PTOPC”"‘E"‘ include the exgge“m

is truly and fully preserved. Such projections pm.nme(ers of trans ormation, i.c.,-the- I]arure f
' T.lblt:" l Cla\slrwuon of M‘IP Pml"c"om o
C»riit.erri.ﬁ - Pammetcr B ClaseeGISub-classes
R 23 Lo 1. Direct or SphélOldﬂlPl‘OjECllOﬂ
L 'A.'".'D-atuﬁi'.‘Surfzice; | ‘1. Double or Spherical Pro_|ect|on e
» N FR R ' 1II. Triple Pr()_]CCllOn \
RS ’ Ist Order (plane)  2nd Order (uspect) 3rd Ol'd‘er_(cM
|1 EXTRINSIC | B: Planc or‘Surface | 1. Planar a Tangent i. Normal |}
| SRR LT of Pro_;ecuon" ~| 1L Conical b ‘Secant i Tm“SV"'SC o
' S NG /| 1L Cylindrical PolyeupcrfICEHI iii. Oblique -
SR e - | I Perspective — i, Gnomonic R Bty
: R 'C'.-*Meth'odfbf} S B Semiperspective St & ~ b. Stereogmph:c ‘
3 ‘ ‘P'roject'ion “TIL. Non- perspecnve ‘. ' ,_c Orthogmphxc
gt i IV. Conventional = . o
s I y 1. Azimuthal :
Sy N |.. 1. Equidistant ] :
T : | L. Equivalent or Authallc or Homolographlc
= B SRR IV. Orthomorphic or Conformal :
) % R . V. Aphylactic K S e, -
‘ " ... | L Both parallels and mendxans are slrmght lines: = - ¥
E “|" 1L Parallels are stralght hnes and mend:ans are regular S

- ooleast ¥ .. .. _curves 3

; S 1. Parallels are. regular curves and mendmm are stralght i

S IR “ - . lines - :

e | wwio o w:on. . |'IV. Both parallcls and mendlans are regular curves -
ol i [ B.Appearance of | V. Parallels are concentric mrc]eq and mcndlans are -
* |2 /INTRINSIC |. - Panilels and - regular curves, _ .
0 o 3 :;Mendmns el VL. Parallels are concentnc mrcles and mcndmns are
‘ RN |z Tadiating straight lines - y EARY: 24 AN
. VIL Parallels are irregular curveq and mendnans are RS (%
~ radiating straight lines S g
__-~-|VIIL. Both parallels and mendxans are 1rregulnr cur\fﬁS e f
- L Rectangular A o
Ao s e - IL Circular ie
C..Geometric .- | Elliptical
¢ | .shape. . | IV Parabolic.- ‘
k. ' . V. Butterfly -/ '
VL Others B

Scanned with CamScanner



' ’_.Projectlon Plane -

-+ Itis a 2-dimensional geomemc planc upon which.
. the parallels and mend:ans are usually: pro_lected =

‘In case of a perspectwe planar pro;ectlon, the'ﬁ equator.»«z

®

Practicy Geo

the poles are 90°N and Y0°S. It is measured cither
Lo the north or to the south of the equator and is’
accordingly specified as °N or °S. Through each
latitude, circles parallel 1o the equator and centred
on the polar axis may be imagined. These are
called parallels of latitudes or simply parallels.
Altogether there are 180 par: allels at 1° intervals.
Of the parallels only the equator is a great circle.
The radius and the length of the parallels gradually
decrease from its maxima at the equator to its
minima at the poles.

The semicircular lines | joining the two poles
and intersecting the parallels at right angles are

called meridians or lines of longitudes. All

meridians are equal’ in ‘size. There are 360
meridians at 1° intervals. Of these, the one that
passes through Greenwich is taken as the

- reference’line and is called the prime meridian.

The longitude of a place is described as the angle

- subtended by the meridional plane passing through -

a place on the plane of the prime meridian, i.e., 0°
at the centre of the earth. It is measured either to

~ the east or to the west of the prime meridian and
s acco_rdingly specified as °E and °W.

Gratlcule

It refers to the net: or mesh of mutually
intersecting parallels and meridians drawn to a
certain scale and based on certain pnncxplcs The
term graticulation is used to specify the
procedures: by which the network of gratlcules are

_‘drawn

: Generatmg Globe

It refers to the globe from which pro;ectlone are
- generated or developed. Normally it is a small

skeleton ‘globe made of glass or:wire (Fig. 2.2).
The parallels and meridians are shown by black
lines (glass globe) or wires (wire globe) placed at
their true- angular distances apart. Naturally the

generating globe is a geometrically accurate. earth -
- reduced in size,

/—---- _____ ] N(P91rll.9'_'[§[\gen 8-
: é L

f e
% : i Generallng
o . Globe
. . S ’

| Developable Surface

Fig. 22 Projeclion Plané and Generating Globe '.

: pro_lectlon plane touches _the generatmg globe ata

smgle point (Fig. 2 2)

In case of planar projections, only a qmtvle pomt is .
truly represented- with the exact one-fo- -one

“ correspondence. Obviously, from this point of
‘tangency, the distortion on a map increases in all

directions. To minimise it, the point of contact

- with the generating globe is ‘maximised by usmg.
projection surfaces that can easnly be developed .
into 2-dimensional geometric * planes. Such-.

‘projection surfaces are known as developable

surfaces, e.g., a cone or a cylmder. A right circular
cone or a cylinder usually touches a gencralmg
globe along a parallel and may even intersec it
along two- different parallels in certain desired

situations’(Fig. 2.3). Along these parallels, one-to-

one corrcspondence is truly maintained involving

no error and are termed as lines of zero distortion. ¥
When developed, a cone becomes a sector 0f~;__ =
circle and a cylinder becomes a rectangle "

both being parts of a-2- dlmensmnal plane 3

_Notably when- the angle at the vertex of 2 con;._
~ becomes 180°, the cone is developed m;: b
D _projection plane touching the. generatmg glo e :

a single point only. Again, when the _apex of a con®

0’
lies at infinity, the cone is. dcvcloped "“

th
“cylinder touchmg the gcneratmg globe along
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.Central Meridian

For a given _o=m::9=m_ extension, it refers to that
meridian, which lies exactly at the median or
middle-most position of that extension. It has only
constructional importance and is normally drawn
as a straight line. The mesh of graticules on one
side of the central meridian (CM) is in fact the
mirror image of the other side.

Standard Parallel

The parallel(s), along which a projection plane or
a developable surface touch(es) or intersect(s)
the generating globe, are called standard
parallel(s). Along the standard parallels, the
langential scale is essentially 1:1. Hence, these
are always the lines of zero distortion.

®

Constant of a Cone
It is defined as the ratio. between the a:m?u at the

vertex or apex of a cone when developed (o) and .

the angle at the pole of the generating globe
(360°) . .. 2

. o .
Therefore, the constant of a cone, n =

'~ 13600
Since o depends on the standard parallel (¢),

n is a direct function of eo The two extreme

situations are; .

i. when ¢,=0° a cone is :p:mﬁo_._soa into a.

special ov,_:an_. with a. = 0°.

wmoo
=0

—~
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Therefore, n = o m 3% ?@Pn\@wﬁcb

1. when ¢ = 90° a cone is Quzmﬁo::ma ::o A
plane and o becomes 360°.

i_\n\«m\mb\m‘ N wh\uo = ,
/ mWOo
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Aspects of Pro_)ectmn PN A e
_'I:hlS _I_r:e_fers to the amtude of the plane or (he
= -surface:of pl'O_]CCthI‘l The plane of pro;ecuon may -
““be tangent at-one: pomt ‘only or ‘intersect along 2
parallel c1rcle A polyhednc surface (ie., one |
whtch has’; more than one plane) may be tangentat’ |-
-a number of pomts. Stmtlarly, a cone ora cylmder L
may be tangent along a parallel or. may interest
------ along two parallels A polycomc or polycylmdncal
--.:_,_-surface may even be chosen for a projection
The main: objecttve 1s to maxrmrse “the- points of
s contact in order to m1n1m|se the cumulanvﬁ
3 deform atlon :__.._ = '. e 3 .';‘_ ';-;;1;,-
'_"'Perspectlve PI‘OJGCI:IOIIS R A ;
. In these, grattcules are’ drawn from a rranSP o7 l
“ ;generatmg globe made of glass with ‘the help :;st
light source. Rays emerging from the SOUrcEs € e b
.' «._.'shadows of parallels and’ mendrans Uﬂnﬂ,
| ,'.PTO.lectlon plane e g., GnamO{”C P ]e
;},;.-{,;f'Stereographtc' pmjecttan ',.‘_"._-:f;; "lﬂl'-l
_-projection -and the Stmple Comc P’ofe‘no Ly o
"-»;.,standard Parallel et B
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e .perspective Projections
Sn these. one set ol intersecting |ipes is
cot“'v"""'"y projected and the other s drawn
“ iy 10 suit a desired pmperty
pu

Non- pc,-spectnc Pro_]ecttons
In these,. projection is done in accordance (o a
consistent mathematical - prmcxple to mtrsfy

. certain objectives.

Conventional PrOJectlons

These are non-perspective projections constmcted'.

following a set of conventions purely based on

mathematical = operations - postulated by a

cartographer to portray the whole globe wrth
certain ObjeCtl\‘eS : e :

The Great Circle . -

If a plane intersects a sphere the resultmg sectton‘] .
of the curved surface which is traced on the plane.' .

“is a circle. If the mtersectmg plane passes through

the center of a:sphere;. the resulting: section'is- a
circle, whose radius is the largest which can occur o 2
and is equal to the radrus of the sphere rtself This

is defined as a grear circle. Thus a meridian is a part

of a oreat circle. The equator 1s the only parallel . y
which is a_great circle and all’ other parallels are |
small circles. If the plane doés not pass through the
centre of. the sphere, the radius of the resultmg"

circle is less than that of the sphere Thts is called
e

- coincide.
Intersecting great ctrcles blSCCt each other

¥ The plane of a great crrcle drvrdes a sphere mto ;'_~ 1

two equal halves.

¥ The section of all great Sivelcs passes through_» 2
- the centre of 'the. sphere; therefore the centre .

- of the sphere is the ‘common’ centre of all the

: great Clrcles P e o EEVELE :"T-'lf i
I, ' Only one great circle can be drawn through any _' ‘

o points on the spherical surface ‘which are
. hot drametncally opposite to one ariother. 3

',_ An: infinite number of great crrcles can be f .
‘_; drawn through a single pomt : g

An infinite number of great circles can be

drawn on a sphere.
The shorter arc of the great circle through two
points is the shortest distance between the

- points on the spherical surface.

(The Gcodcsnc f
Similar to the great dircle arc, the shortest possrb!e
connection between two paints on -the ellipsoidal
surface is defined as the geodetic line or, for
convenience, the geodesic. Progressing along this
curved line from point to point, the tangent
continuously changes its azimuth. According to.
. Clairaut’s theorem,
of the paraliel crrcle (¢) and the sine of the .
- azimuth (@) of the geadesrc is a constam _
'Therefore. at LS -

‘the product of the radius (r)

rsma (R cosqb) sinot . :
o=k (a constant) . SRR (l)

"The followmg particulars can: be derived from this,

For¢ 0% R = a aiid sin o = k/a Hence, the
geodesrc mtersects the: equator wrth aztmuth
= sm-*(k/a) ‘ - :

a small. cmcle The specml features of great crrcle .

¥ The axis of two or more great crrcles cannot

4 Equator -
\;‘7 .

G (M.w Pti ¢)

e i‘{:_g Fig. 2,5- ;rtteﬂdébaesié‘ o
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Polar Zemthal Stereographlc PrOJectlon

- -

In thxs prOJectlon a 2 dlmenslonal plane of_
prOJectlon ‘touches the Oreneratmg globe at either
of the poles: It is a perspecnve projection, withthe
source of- llght 1y1n0r ‘at the- pole- dlametrlcallyg
opp031te to: one at Wthh the projection:. planeg
“-touches- the generatmg globe (Fig. 2.9). The.
parallels are prOJected as concentrlc c1rcles of'-f_ ‘
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