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ABSTRACT

Since a long time Transverse Mercator Projection (TMP) combined

with rectangular grid system are applied in Egypt. Recently Lambert . :

Conformal Conical Projection (LCCP) combined with rectangular grid
system were also applied. The development of computers nowadays
raises the need for suitable programs to transform from the geodetic
system to any of the two above-mentioned systems and also for the
reverse case. Sometimes there are two or more maps of the same
area (with the same two meridians and two parallels), each prepared
at a different time, using different projection, and containing
different information. Therefore, it is often useful to know the
accuracy with which positions may be directly plotted from one map
onto another without using local grid squares and without making
the relatively complicated transformation for the different projection.
In this paper, a concrete program package is introduced to carry out
the transformation for all cases used in both systems. These
programs run on any IBM compatible computer with media of Quick
Basic language. Additional programs are also included. Firstly, a
program for the calculation of differences between the above two
projections i.e. LCCP and TMP. Secondly a program is introduced
which is concerned with the calculation of similarity fit to maps for
the two projections.

Keywords: Lambert conical projection, Transverse Mercator
projection, Transformation, Geodetic and plane
coordinate systems, Computer program. .

INTRODUCTION
his paper is devoted to introduce a set of
computer programs for coordinate
transformation between geodetic and plane
systems, i.e. between Lambert Conformal
Conical Projection (LCCP), Transverse
Mercator  Projection (TMP) and plane
systems.

In each case, the transformation
formulae (direct and reverse) are introduced,
together with other important parameters;
via convergence of meridians and point scale
‘factor. Flow charts for the computer
programs are also given. The program itself
is available through the authors.

Lambert Conformal Conical Projection
and Transverse Mercator Projection are
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conformal projections, so sometimes it is
required to transfer data between two
different maps covering the same area
(surrounded by the same two lines of
latitudes and the same two lines of
longitudes) but each is in - different
projection. It is found here necessary to
study the accuracy of data transformation
and the elements of that transformation.
Finally, if two maps are based on the
same ellipsoid and covers the same
geographical area, but one is Lambert
conformal conical projection and the other is
a Transverse Mercator projection, the
maximum error of fit is required to be
known. A program for the computation of
the differences between the two projections
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and similarity to fit. of maps is included,
which is  sometimes necessary for
application during the design and execution
of large engineering projects where
transformation of data between maps made
by different kinds of projections is required.

LAMBERT CONFORMAL CONICAL
PROJECTION

Johann Heinrich Lambert developed this
projection in 1772 , the same year in which
he invented the transverse Mercator
projection. As it is a conformal conical
projection, meridians are straight lines
meeting in a point outside the map limit;
parallels are arcs of concentric circles, and
both sets of lines meet at a right angles.
Scale is true only along the standard
parallel; it is compressed between and
expanded beyond them.

NORTH A

'In the Lambert conformal cor
projection. formulae, the radius
distance from the pole to the point app
This is a large number, and in descen
from the pole crosses 10,000,000 m. v
at about 30° latitude. Usually i
inconvenient to have grid quanti
changing from positive to negative as
grid zero lines are crossed. To avoidft
fixed numerical quantities are added tg
grid values, and these quantities are so [
that non-of the resultant false coording
are negative. This introduces a false orig
to the north and west of the true origin.

For the Southern Hemisphere, Figu
should be turned upside down. Everythi
remains the same except the direction
north and west, which are inverted. '

@b

" SP
3
No ‘
|
» EAST
Figure 1 Lambert conical conformal projection
Transformation from LCCP (One Standard Rp = k / exp(Qo singo) )
Parallel) to Geodetic Coordinates. R'=Ry -N+N ‘ ©)
0.= L l+esing. _, l+esing.] (1) E"=E—Eo ‘ (7)
T 2|1-esin o 1 - esin @o R=(R2+E2? )2~ : (8)
b = -e2 s1n2 5 ]2 . ]
Woin e st ity (2) Q = In(K /R)/singy ©)
‘g = 2cosQ, exp(Qosing,) (3) 2 oo
T Wosing, y=tan "(E'/R) . (10
No = Rb+ Nb ~ Ro 4 A=k —v/sing, (11)
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E exp(2Q) -1 (12) Correction to sin ¢ = -fi/f2
exp(2Q) +1

1/ :
k=(1—e2 sin? cp)/stin(po /(acosq)) (15)
terate for sing three times, as follows

Figure 2 illustrates the flow chart of the

1o lljplesine 1+ esing| o) (13) program used in transformation between
2| 1l-sing l-esing geodetic and LCCP projection. For more
2 details about the derivation of the equations
1 €
P = (14) see Referencel.

" 1-sin?¢ 1-e?sin?o

Start

|
! One Standard Two Standard
| Parallel Parallel
Input
a,b,Eo,SP
[
l Geodetic to LCCP I LCCP to Geodetic
Input Input
Latit. & Long.

North & East
Calculate

Q,Qb,Qo,R,Rb,k

FrerTe

Input
NSP,SSP

Geodetic to LCCP

Input
Latit. & Long.

| LCCP to Geodetic
Input
North & East
Calculate
Qo,Wo,Wn,Qn
Output
Latit. & Long.

Output Output
North & East Latit. & Long.

Output
North & East

i

Figure 2 Flow Chart for Transformation Between Geodetic and LCCP
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Transformation from Geodetic to LCCP
(One Standard Parallel) Coordinates

Q. = [1+esm (po_e“ln1+es%n<p°:| (16)
1-esin @,

o ‘ - H_emJ (17)
1-esin ¢ l-esin ¢
1
Wo = (1 - e? sin? @o)2 (18)
K - 20 @, exp(Q, sing,) (19)
WoSin(Po

R, =k/exp(Q, sin¢,) (20)

No = Rb + Nb — Ro (21)

R = K/exp(Q sin ¢o) (22)

y=(A-2,)sing, (23)

N=Rv+No—-Rcosy (24)

E=Eo+Rsiny (25)
(

k = (1 - e? sin? (p)}éRsin ¢, /(acos@) (26)

Transformation from LCCP (Two Standard
Parallels) to Geodetic Coordinates

Qn=l—-1+es,in (pn_eln1+es1:n cpn] (27)
2|l1-esin @, 1-esin ¢,
r . .

Qs=—1— l+.ean(ps_eln1+es%n(ps} (28)
2|1-esin ¢s 1 - esin @s
Qozlrlﬁues%n<pn_eln1+es.in<po] (29)
211~ esin @o 1 -esin ¢o
Qb:i[l+es§n(pb_elnl+es%n(pb] (30)
2|1-esin @b 1 -esin @b
W, = (1-e?sin29, )? (31)
W, = (1-e?sin2¢, )? (32)
W,=(1-e?sin2g, )2 (33)
K = acoswoexP(Qosmcpo) (34)

Wosin @o
Rv =k / exp(Qosin o) (35)
No=Rb+Nb-Ro (36)
Q= 1n(K/R)/sin¢o (37)
y=tan'(E'/R') (38)
A=A, —y/sing, (39)
sing = =Xp2Q)-1 (40)

exp(2Q) +1
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k= (1 -e’sin® (,())%”Rsin(po /(acos )

“ TRANSVERSE MERCATOR PROJECTIO_

In each zone, a central meridian is used i
“order to minimize distortion at the edge of it

Iterate for sine three times, as follows

f1=L h;_l_isf_ﬂ_eln_l_m -Q
2 l1-sing l-esing
1 €2
f2 = 2 2 2
l-sinp 1-e“sin“¢

Correction to sin ¢ = -fi />

k= (1- e’ sin? cp)% Rsing, /(acoso)

Transformation from Geodetic to ]
(Two Standard Parallels Coordinates)

Ws = (1-€® sin? cps)%

K = 2C0s®, exp(Q, sing,)
Wesing,

R, =k /exp(Q, sing,)

No=Rbo+Nbv—-Ro

R=K/exp(Qsing,)

v =(A-2,)sing,

N =Rs + Nb - R cos ¥

E=Eoc+Rsiny

This projection is suitable for countrie
that have extension in meridian directio
Any country is divided into number of zone:

A false origin is also used for each zone tt
avoid negative coordinates.

Transformation from TMP to Geodetic
Coordinates

? =<p’—(E32 tan(p'XK /2) E
~[i-E.2(5 + 3ten? ¢'))/12v?
=2, + E, _
Vcos ¢’

_EBS v E,’ N

{1 6v* [(P+2tan2<p) soy7 5+ 281tan’ o'+ 24 tan'y
(54)

K =K, (1+0.5E,%Q). 51l



E,’ v v Y
~e 1ty -——-2f —
3v2( WP (p—JJ

- (59)

/ (1- e sin ¢@’)0-5
= [(a- b)/a]>s

- Figure 3 illustrates the flow chart of the
rogram used in transformation between
sodetic and TM projection. For more details
bout the derivation of the equations see
eference 2.

ransformation from Geodetic to TMP
Coordinates
N=S, +VJ® tang+ —;ZVJ4 tancp(S —tan”® (p)(57)

VIRV ~
: ”“( 6 JKEJ Tren “’} (58)

- (v 2 4

+(EJ(5 18tan” ¢ +tan (p)
y=a1J[1-+ J?(b1 +CXJ2)J (59)

K=K,[1+£J*(1+g,J%) (60)

- where:

- V=ako / (1-e2 sin? ¢)o-5

- J=08L cosp sin 1"

ai , b1, ¢1 and g are constants [3].

DIFFERENCES DUE TO PROJECTION

There are often two or more maps of the
same area (bounded by the same two
meridians and two parallels), each prepared
at a  different time, using different
projections, and containing different
information. If the maps have rectangular
grids, one may transfer data from one map
to another by locating the data relative to
the sides of the local Grid Square
surrounding the data. This is tedious, and
both maps may not have grids. Therefore, it
is often useful to know the accuracy with
which positions may be directly plotted from
one map onto another without using local
grid squares and without making the
relatively complicated transformation for the
different projection.
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The maximum discrepancy normally
occurs at one or more corners of the
quadrangles and varies not only with the
map size and the projection but also with
the distance between the quadrangle and
the standard parallels or central meridians
of the projection used.

, The allowable discrepancy depends on

-the purpose of the combined map, e.g.

whether the available maps are on paper or
on stable-base material, and on the
accuracy with which the original map data
were obtained or plotted.

Fitting LCCP to TMP Maps

If both quadrangle maps are based on
the same ellipsoid and cover the same
geographical area, but one is a Lambert
conformal conical and the other is
transverse Mercator, the maximum error of
fit is as follows:

AX=Rchos4{D—(§£—3J(Sy +(p—(po)2] 61)

AY=RSy[D—(K2°‘)(¢-«pJ(Sy+<v-¢°)+ CS,] o
Ad = J(AX) + (aY)? | (63)
Where:

C =(koz /2)(~- %oz ) cos2 o
D =ko- K03+(Sx+;-.-7‘~02)
Po =(1-¢2)/2

koz = 1-(p1-¢2)?/8

Similarity Fit of Maps

The foregoing discrepancies result from
direct lying of one quadrangle on the other,
involving only rotation and translation. For a
better fit, one quadrangle may be enlarged
or reduced before fitting, to obtain similarity
fit.

For a similarity fit of a Lambert
conformal conical projection quadrangle to a
Transverse Mercator projection, the former
is* enlarged (or reduced) by factor K as
follows:

K= {K 5 [1 + (- 7»02)2(C°S 2‘P)]} / (64)
Kol +(0- .0 /2]
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input Spheroid Data
FalseN, E.

Geodetic to TM

input Latit.&Long.

Calculate ey, iN,E ]

Calculate Rm

l TM to Geodetic
l Input North&East

Calculate e,f k,c,latit. long.

|
‘ I
|

Calculate Inverse Rm

Output
latit.,long.,c,k

Figure 3 Flow Chart for Transformation Between Geodetic and TMP

APPLICATIONS
A numerical example for each case is
given (using the included programs) to verify
those programs. Comparing the results of
the attached software with those in the
mentioned references makes the
verification.

Application (1):Transformation from
Geodetic to LCCP and vise versa

Geodetic data: [2]
a=6378137.000 m.

b =6456752.000 m.

False northing of intersection of C.M.
" with S.P. <0>=0

Northing value of latitude of false origin

at C.M.<0>=0 ‘

False easting of C.M.<0>=0

Line scale factor<1>=1
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Longitude of central meridian = 81 00 00
False origin latitude=24 20 00

2 =29 00 00.000

¢ = 84 30 00.000

LCCP data:
: Northing = -7361910.466103235 m.
Easting =444716.5954193413 m.
Convergence = 00 03 31.204
Scale factor = 0.9981249620546698

Application(2):Transformation from
Geodetic to TMP and vise versa
Geodetic data : [2]

- Latitude of point =22 37 15.134
Longitude of point = 32 20 06.689
Longitude of origin = 31 00 00.000
False northing of origin 1810000 m.
False easting of C.M. = 615000 m.
a=6378200 m., b=6356818 m.
C.M. scale factor = 1

TMP data :

~ Northing of point = 4313194.417 m.
- Easting of point = 752276.677 m.
Convergence =-012911.195

* Point scale factor = 1.000231402

" pplication(3): Discrepancies due to
oT0 jection and Similarity fit

" Central meridional longitude = -99 00
- 00.000 W
- Half angular size in longitude = 225
- seconds
Half angular size in latitude = 225
~ secondsCentral meridional scale factor
- 0.9996

BCP data :

- Northen standard parallel = 26 10 00

- Southern standard parallel = 27 50 00
Latitude at center of map =26 03 45N
- Longitude at center of map =-97 33 45 W
Spheroid data : (4)

a= 6378200 m. ,b= 6356818 m.
screpancies due to projection

‘North _ East = 1.3491740 m.

South _ West = 1.9106817 m.

South _ East = 1.5931605 m.

North _ West = 1.6719077 m.

milarity fit = 0.9998258
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CONCLUSION
In this paper a study of Lambert
conformal conical projection, transverse

Mercator projection and the difference

between them are introduced together with

the relevant programs designed to be used
by surveyors and engineers who are
concerned with planning and executing of
large accurate projects, regardless of
knowing how to solve the equations
included in the programs.

From the above study, one can conclude
the following:

1. A complete study highlighting the

, differences between different versions of
Lambert conformal conical projection,
i.e. one standard parallel and two
standard  parallels, was performed.
Attention is given to the use of
transformation equations and evaluation
of various parameters related to the
projections.

2. Complete and accurate computer
programs were written in a QBASIC
language, for the direct and inverse
transformation. Also these programs are
concerned with the calculation of
important parameters such as scale
factor and convergence of meridians.

3. Lambert Conformal Conical Projection
(LCCP) main disadvantages so far as the
surveyor is concerned are the difficulties

. over the scale factor and arc to chord
corrections, and for these reasons itis
being superseded by the Transverse
Mercator Projection.

4. The largest discrepancy in direct fitis
less than 4 m. and in similarity fit is less
than 0.3 m. at full scale, or less than 0.2
mm. and 0.013 mm., respectively, at a
map of scale 1:25,000

NOMENCLATURE
i. LCCP
a = Major semiaxis of spheroid.
b = Minor semiaxis of spheroid.
Eo = False easting of central meridian.
¢o = Standard parallel.
¢» = False origin latitude.
¢ = Latitude of a point.
» = Longitude of a point.
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ho = Longitude of the central meridian.
No = Northing of intersection of central
meridian with standard parallel.
e = First eccentricity of the spheroid.
Qv = Isometric latitude of false origin.
Qo = isometric latitude of standard parallel.
Q = isometric latitude of a point.
KK = Mapping radius at the equator.
R = Mapping radius.
k4 = point scale factor.
Rp = Mapping radius at false origin latitude.
v = Convergence.
= Northing of the point.
E = Easting of the point.
¢n = Northern standard parallel.
s = Southern standard parallel.

i

ii. TMP

a = Major semiaxis of spheroid.

b = Minor semiaxis of spheroid.

e = First eccentricity of spheroid.

e’ = Second eccentricity of spheroid.
f = flattening.

¢ = Latitude of a point.

). = Longitude of a point.

@o = Latitude of central meridian.

*o = Longitude of central meridian.
¢‘ = Latitude of foot point.

K = Point scale factor.

Ko = Central meridian scale factor:

r = radius of rectifying sphere.

V = Radius of curvature in prime vertical.
Rm = Meridional radius of curvature.
S = Meridional distance.
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Fe = False easting coordinates.

Se30= Meridional distance for latitude = 30°
*  North.

y = Convergence.

Rs = Meridional distance for latitude = f .
= Degree in one radian.

N = Northing coordinate of a point.

E = Easting coordinate of a point.

No = Northing coordinate of origin.

E, = Easting coordinate of origin.
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