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CHAPTER 1:  INTRODUCTION

| 1.0  Background

Prior to the announcement of the changeover to U.T.M. coordinates,
surveys in Nigeria were based on the Nigerian Transverse Mercator (3 belt)
projection system.

With the award of contracts for the large scale mapping of major towns
in 1976 by Federal Surveys {for the Federal Military Government) and the |
request that the coordinates should be supplied in U.T.M., most surveyors
and survey organisations were in a dilema as to whether to convert the
coordinates of controls to U.T.M. and use the tables of transformation to
apply scale factor, mean sea level and other necessary corrections or to
carry out the surveys and computations in Nigeria T.M.P. coordinates and then
convert the coordinates to U.T.M. Many survey organisations opted for t he
latter using the tables of transformation. -

1.02 Transformation Via Geographical Coordinates Using
Programmable Calculators:

A method was described in (1) for the conversion between Nigerian T.M.P.
and U.T.M. coordinates via geographical coordinates.

The said method uses a modified formulae and allows the conversion to
be made in two programmes (one programme converts from grid to geographical
while the other converts from geogqraphical to grid (U.T.M.} with small pro-
grammable calculator. The calculator used in (1) was the Hewlett Packard
HP67/97 which has 224 programme steps and twenty-six stores,

1.03  Need for a Direct Method of Transformation.

Good enough the programmes discussed in 1.02 exist, but supposing

programmable calculators are not available what happens?



w4 mie,

The answer is the return to the two fier (Qrid T.M.P. - gedgraphica1~grid

IU.T.M.) method which 1s boring, monotonous and error prone especially when
nuserous nurber of points have to be converted. 'thus the need for a direct
method of transformation is estab]ished_to save time, boredom and monotony.
The justificetion of an accﬂfacy of {.01 metre} of the traﬁéformation _

by tables also is debztable when systematic, accidental and instrumental
errors inherent in fizld observations are taken into consideration. A
- divect method being 1::;2osed could then serve as an alternative method of |
solving the T.M.P. -~ U.T.M. conversion procblems.

1.04 METHOD

The whele count o divided into thirty-seven unequal blocks (2.07).
An area of approximat:ly one hundred and fifty square kilometres was carved
out of eacﬁ block, an? five peripheral points were selected while the approxi-

- mate latitude and Torncitude of these points were scaIéd off from a base map,

to provide a set of erior free geographical corrdinates., These geographical
coordinates were trars “ormed to Nigerian T.M,P. coordinates and then to
U.T.¥. coordinates fro: which a series of five equations in five unknowns
wefe established (4.02]. The solution of these equations gave the
coefficients of transformation for each.of the Blocks,

To transform T.14.P. coordinates of any block to U.T.M., the T.M.P.
coa}dinates and sgme functions of it are used to multiply the coefficients
of transformation. . o

- 1.05 COMPUTING FACILITIES:

Though the LD Cyber 72 computer of the Ah madu Belle University,

Zaria was available to the author, it was his intention to utilize to their



fullest capabilities programmable calculators within his reach.

To this end, the T159 programmable calculator (TEXAS INSTRUMENT) with
1960 programme steps and 50 stores and the Hewlett Packard HP29C pocket
programmable calculator with Ninety-eight programme steps and twenty-nine

stores (thirteen of which are indirect) were utilized during computations,

the former has a print out attachment while the latter displays its results.
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CHAPTER 2:  SCOPE AND GBJECTIVES

2.01 Scope:w o

The thesis is intended to find a simple method of direct transforﬁatfdn
0% Nigerian Transverse Mercator projection coordinates to Universal
Transverse Mercator Projection coordivates suitable for use by low grade
technical staff of Survey divisions/organisations using small programmable
calculators. | | -
2.02 Objectives: - - o o o

The Objectives of the thesis are: | |
(i) To produce transformation coefficients such that any point in Nigeria
can be transformed from Nigerian TMP to UTM directly using cheap programmable
calculators. | -
(ii) To analyse the result ohtained in 2.02(i) statistically so as to
- determine the degree of reliability and the use to wﬁicﬁ-tﬁe result can be
put. | | | o
(iii} To prepare an algorithm for the app]icatioh.of the said result such
that an average low grade staff 0¥the states survey department or any
survey organisation can utlise the results,
.2.03 The Transverse Mercator Projection: Derivation on the Spheroid,
1 The derivation of the formulae of the Transverse Mercator Projection
frﬁm the first principles of ortﬁomorpﬁism is found in (2. It is repeated
here because it is not found in many text Dooks.

The structure of the Transverse Mercator has the central meridian true
to scale and the formulae for Northings and Eastings(]inear coordinates)
are such that the representative is orthomorphic {i.e. at any point in the

srojection, the scale along an infinitesimally short distance is the



same in all directions}.

9
Let “be the sphewroidal latitude of a point ‘
1 the longitude reckoned from the central meridian in radiang

6

then N=5+p1c+ it e m® 4 oL,

::" 'i'-" ok

Al +81% + 010 4

where S s the meridional distance

The cdefficients.A,B,....P,Q, ...... are functions cf the Tatitude and they..
incorporate the parameters radius and eccentricity that define the spheroid
to which the Surwey is referred. N

In fig. 2.1 _

8 amd 1 are the Yafitude and longitude of point A
These rhanae infimitecsimally to (8 + dB) and (1 + d1} where d6 and d1
imply linear shift of pdB along the meridian and v.c0s8.d1 along the
- parallel respectiwely to point B.

p is the meridional radius of curvature

p=a (1- ez}‘[1~ezsin29) -3/2
v is the other principal radius of curvature

oo =afl- ezsinzaj -1/2
e a = equatorial radius of curvature
7 e = eccentricity.

-ﬁny_projéction carn be expressed in general terms as two functions
I N R
£ fo (6,1}
5 ﬁmall changes B and 41 are made, the resulting changes of N and £ are
expressed by the differential formu]ae for two variables

dN *%%9 ci@ + é;f “L
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In fig. 2.2, the points Ay and By are the projection representatives of
of A and B, and A\M, s the projection of the spheroid meridian AM

The broken lines through A] are parallel to the axes of the plane
coordinate system, so that

Ak = d¥  and kB, = dE
The infinitesimal sphercid length AB is given by

(clS)2 = ﬁ%de)z + vz.coszg.(del)z

The corresponding infinitesimal length on the projection is dS] g1ven by 'z <$t

dsi

Thus the "scale factor" along A,B, is d5 and on substituting the '

d1fferent1a1 formulae for dN and dE we get the required formu]a > 2
(92)- [ (g8 ] e+ 288 S0+ 38 3T+ K3UF(3T) et
P*(de)* + V& Cos®-dl®

We now go orthomorphic by requesting that the above expression be
independent of the direction of AB, and by satisfying the two Cauchy-Riemann
conditions for orthomorphism.

If d8 = 0 the scale factor is simply

[(-gl':“))' + (g—f)z_] / V2 Cas?0

and 1'f dl = 0 the scale facter is simply

2
&Py

For orthomorphism, these fractions are required to be equal
The square of the scale factor must also be equal to these fractions when

dB and dl are non zeros. Which gives the first condition for orthomorphism.



(a)
Fig. 2.2
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To satisfy the first condition, the central term of the numerator of
the general formula (1) must be zero. Hence we have the second condition

for orthomorphism
N LN 3E 9B - 0O
38  Jb 26 ol

The first condition may also be written_as

-\J'Ce»s@[(% *eTe)J PZ[S'EJ ( ):l

These conditions are then applied to the series of N and E so that
the desired formulae of the coefficients A,B,...P,Q... are revealed

The four partial differential coefficients are

%?: 2PL T 4P + 6RP+
3 . A+ 3BL% « sclte
I P 2 4@ ¥, .. -

i«r éi'gdl, *Bd A _ e (c)
Qb 5.
QLV -’ra—eL

%
{i

i

L? .S
* Cr@ e R RRAE (d)
These are substituted into the Cauchy Riemann conditions, taking care to

keep terms in each power of 1 together. After differentiation, the following

results are obtained;

acosQ(]-ezsinze)'I/?

I

l/6.v.c0529 (v/p)—tanzg)

= 1{120.v.c0359(5-18tan 29 + tan4

8)

T ¢ W

= 1/2.v. sinBcosHh

Q = 1/24 (v.sinBcos 0(5-tan%e)

Thus the final formulae for noithings and eastings come out to be

4

N = St v/2sin9cosel2 + vf24sin9cos39(5—tan29) 1% .

11

E = vcosB.1 + v/6c0339(v/p tan BJ 3 +v/120cas 8(5 18tan29+tan49) 1£r
in which 1 is in radians (i.e.) Irad = 1"/ 206264.8)}



The meridional distance S 1is given by

S = a(l - 1/4e° - 3/64e%+ 5/256e%. ... ... .0
2 4 6 .
- a(3/8e"+ 3/32e"+ 45/1028e°.......... ).sinko
va(15/256e" +45/1028e0. ... ... }.5in40
- a(35/3072¢%. ... ..., }.5in66

where 8 1is expressed in radians. '
The projection that has been described so far has the 'true' scale
at the central meridian which is not always the case in practice. In
practical application it is common practice to apply an overall reduction
in scale at the central meridian so that the exaggeration at the boundaries
of the zone being used is reduced by fifty percent. This practical application
will be observed in the next two sections on Nigerians Transverse mercator

projection and the Universal Transverse Mercator projection.

2.04 Nigerian Transverse Mercator Projection:

This is a modified form of the transverse mercator projection which
was adapted for the whole of Nigeria. Generally referred to as the three
belt system, it is based on the Clarke 1880 spheroid. The properties of this
projection as adapted to Nigeria is explained in (3) and summarised in
the foregoing section.

2.04.1  Belts:

The whole country is divided into three belts each of which is 4% in
width. The belts are labelled

(1) West belt

(i)} Mid belt :

(ii3) East belt, éﬁd the belts have ]ohgitudes

04930', 08°30' and 12°30' as their respective central meridian

10



i tf* The belts cut each other on the parallel of 5N which passes through
.the middie of the country as shown in fig.2.3. The X-éoordinate at the
exact junction of two adiacent strips is tiierefore the same for both strips
and the Y - coordinate is the same but with opposite sign. ”
2082 Origin: |
- In 0.1.~ o avoid negative sign, the X - coordinate of the middle
belt was called 2,200,002.00 Geodetic fect (670,553,984 metres} (where 1 metre
is equivalent to 3.28085733 geodetic feet] .ad the Y coordinates of the
adjacent strips wore computed to comform with this figqure giving coincidence
) at 9°N latitude. The coordinates for the central meridian of the west and
2ast belts are 230,738.256 metres and 1110,369.702 metres respectively,
The longitude of the central meridian is assumed to be the origin of
| each belt, while the latitude of the origin is 04% which is given a2 false
| northing of 0 metres.
2.04.3 Scaie Factor: _
To reduce the errors in scale at the extremeiies of the belts, a scale
factor of 0.99975 wys applied at the central meridian of each belt.
2.04.4  Spheroids |
The fundamental definﬁing paréﬁeters of the Clarke 1880 Spheroid on
which the Nigerian THP is based are- |

Equatorial semi-axis = 6378,249.14Emetres b = 6356814830
flattening f = 1/293.465

2.05 Universal Transverse Mercator Projection:
2.05.1  Zoning: ; ._

This projection.is world wide apart.from thie polar zones, It
divides the whole world into sixty zores each of width 6°. Nigeria falls
within zones 31,32 and 33 of this pro;e:ﬁion and the zones have Tongitude

03? 63% and 15° respectively as their central meridian. (see 4}

_ "
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2.05.2 Origin:

The longitude of the central meridian of each zone is assumed to be
the longitude of the origin for that zone., while the equator is assumed
to be the latitude of the origin.

A false northing of 0 wmetre(10,000,000.00 for the southern hemisphere)
and a false easting of 500,000.00metres are assumed for the central meridian
of each zone. |
2.05.3 Scale factor:

The scale factor of each of the central meridian is taken to be 0.9996,
2.05.4  Spheroid:

The definning parameters of the spheroid are the same as that of the
Nigerian transverse mercator projection which implies that for the operation

of the UTM in Nigeria the Clarke 1880 spheroid is used..

Nigerian TMP _ - UTM

West belt ~  02°30° o 00°00"

_ 06°30" Zone 31 06%00°

BeTt/zone  Mid belt 06°30° Zone 32 0600
10930 1200

Juction . 100" - 12°00"
 East Belt  14%30° Zone 33 ©03%00°

Central | West belt _ 04°30° lone 31 03%0"
Meridian - Mid belt 08%30" Zone 32 09%0"
|  East belt ﬁ. 12930° Zone 33 15%00°

Table 2.1

Table showing the longitude of junctions and central meridian of Nigeria n

TMP and the UTM projection systems.

13



2.06 Junctions of Belts and Zones:

The Nigerian TMP. has an unavoidable overlap and discontinuity at the
junctions of its belts(3). Fig2.3 explains this diagramatically. A maximum
discontinuity of 7700.778Metres is experienced at latitude 140 while a maximum
overiap of 4371.64 Metres is experienced at Tatitude 04° (Appendix 1 explains
how these figures were arrived at.} :

2.07 Junction of Blocks: '
By virtue of the overlap and discontinuity at the junctions

of belts of the TMP, and the different values assumed for the false origin,

central meridian which differ from that of the UTM,an inference is drawn that

the junctions of each belt and zone must necessarily be the junction of the
proposed block divisions to be used for the direct transformation. A few other
additions are made to these for convenience, and a final table of the longitude

ranges which mark the bleck divisions is shown in tabte 2.4

From To. Long. Range Number of Blocks.
2°30'  4° 30’ 200 4

2930" 69 (g 10 3p¢ | | .15j'

6°0' 62 30° 0° 30 5

6°30' 7% 30 1° oo 5

7°30' 9% oot 10 30 5

3%0*  10°30° 19 300 .4

1030 12%0° 19 30 e

12%0' 13%30° 19 3¢° 3

13%30"  14%30° 1° 00" 2

Table 2.4 Showing the latitude ranges and the number of blocks
within each range.

14
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For each block, the latitudinal range is two degrees. The first four blocks
have a longitudinal size of two degrees which is larger than the planned size
of one and half degrees. This increase is due to the western boundary of the
country which extends siightly to the west of longitude 3°. The Jast two
blocks (36:and 37} have longitudinal size of 19 which is smaller. This is due

to the western boundary of Nigeria which terminates at around longitude 14%30" .

16



CHAPTER 3: THE CONCEPT OF TRANSFORMATION.

3.01 Introduction: There are a number of survey problems where a coordinate
transformation may give a convenient solution. Examples of these are; the
transformation of known coordinates from onesystem to another; the transforma-
tion of coordinates from local origin to national trig., the transformation of
phato coordinates to ground coordinates in photogrammetry and many other exampleé;
There are several types of transformation which can be employed. The

choice made depends on the problem at hand. In the next section, the different
types of transformation are discussed viz;

Similarity or Linear conformal transformation.

Projective transformation.

Affine transformation

Second order conformal transformation.
3.02 Similarity or Linear Conformal Transformation:

This transformation is also referred to as "Helmert" in (6).

It consists of four parts;

Translation in the X direction,

Transtation in the Y direction.

Rotation of axes, - .

Change of scale.

The two coordinate systems being related by transformation will be called
(i)} Nigerian transverse mercator projection system TMP (e,n).
(i1) Universal transverse mercator projection system UTM (E,N)
In fig. 3.1  E-b= e.CosO - n.Sing

N-a= e.Sin0 + n.CosH

17
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Suppose there is magnification of/lin each direction, then

E=b +Ae.Cos8 - An.Sind

b+ P.e -Q.n

= a +Re.S'in9 + )\n.Cose a+ Q.e +P.n

NNE (Z I —

where P= )\Cose, Q= Nsing
Note: b and a measure the translation in the eastings and northings respectively.
3.03 Projective Transformation:

Projective transformation is defined in (7) as

X o= a1x+a2y+a3

Cix + Coy + c3
............................ 3.002

. b]x + bzy + b3

Wheve CiX+ Cy +cC330
X' and Y' are here defined as fractional functions of x and y with the important
condition that both have the same denominator which is not equal to zero.
12 CiX + Co¥ + Cy 0
X Y = INFIATEY  sosenasosves seaadnan 3.003
Equation 3.003 implies that some finite points could be transformed to infinity
If the denominator is divided by C3» then the minimum parameters needed for a
solution is reduced from nine to eight.
3.04 Affine Transformation:
Affine transformation is defined in (7) by the formula

X = ayx + bly tC

-
-
"

QX + b2y F ) 3.004

19



Affine transformation involve translation, rotation and change of scale and
preserves endsof space (i.e) infinitely distant points are preserved after
transformation. However, affine transformation gives homogeneous deformations
which implies that shapes are not preserved. This statement is confirmed in
(5) where affine transformation is said to transform a circle into an ellipse
(page 38). Collinearity is preserved in affine transformation (i.e) a line
transforms into a Tine but non linear deformations are not catered for. The
conclusion drawn from this is that affine transformation will work well for

lTinear cases only.

3.05 Second Order Conformal Transformation:
Conformal transformation has the property of preserving shape.
A conformal transformation between plane rectangular systems is achieved by the

complex polynomial formulation (discussed in (8))

-1
o ; ;K
E+iN = %E% (ak+ ib ) (e + in)

which when expanded becomes

. ) 3 ‘L ) P .
E+ N = (agtlb) + (ay+iby)(e +ibn) + (a,* b,)(e T8 T Y (a, + b )(e + in)
for k=0
E+ iN = a, + ibo
(i.e) a=E

b0= N and this is simple translation.
for k =1
E+ iN = a, + ibo +ae - b]n + 1b]e + ia]n
Equating real and imaginary parts we have;
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E=ay 4 ae - bln

N

bo + b1e AN 3.006

which compares with the linear conformal transformation formula 3.00]

Venturing into k = 2 to give the second order conformal transformation which

can cope with the UTM's quite pronounced scale change characteristics, and equating

real andimaginary parts we get;

£

a, *+ag- bln toay(e” - n7) - bz(Zen) ..... 3.007

2 2
N bo t bR+ ayn + by(e” - n%) + ay(2en}) ..., 3.008

A combined solution using these equations require at least three points whose
coordinates are known in both systems while a separate solution require a re-
arrangement of the equations and requires that at least five points must be known
in both systems

For a separate solution of E,N, the modified equations are as follows:

u

2 2 .
E a, +aje +an 4 a3(e -n"}+ a4(2en). ..... 3.009

2 2
N b0 + bje + bon 4 b3(e -n

)+ b4(2en) .e...3.010

The negative signs in 3.007 were dropped for ease of back substitution.
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CHAPTER 4  SUITABILITY OF TRANSFORMATION FORMULAE.

4.01 General: The previous chapter discussed the details of each of the lrans-
formation formulae that can possibly be used. This chapter will consider the
properties of these transformation formulae with the aim of determining the most
suitable for the problem at hand. |
Theui}ansverselﬂercator f%ojectidn whose %ormu]a was derived in chapte

two is an orthomorphic projection. It is then implied that whatever transformation
formulae to be used must be capable of preserving this orthomorphism. This auto-
matically disqualify affine and projective transformation since the former give
homogeneous deformation while the latter in some cases transform finite points
into infinity. This leaves the linear conformal and the second order conformal
transformations to be tested for suitability. -
4.02 Linear Conformal Transformation: Test for Suitability,

| To solve a transformation problem, using the Tinear conformal transformation
formulae, the coordinates of at least three points must be known in both systems.

The equations to be used for a separate solution of E and N{nmatrix form are

as follows
ET 1 e, 3,
B, | = Ve ol da 4.001
E3 1 e3 n3 a2 '
and
N] 1 e, " b0 |
N2 = ] e, Ny b1 ........... 4.002
N3 1 e3 q3 b2

22



The equations 4.001 and 4.002 were used to compute the coefficients for the northing

and the eastings and the coefficients were tested at two edges of the block. Below

is the result of the test, fov bleck La

Eastings Coefficients
a,= 4.36484682

ay= 0.99940652

ay= -0.00410116

Point NC Ec
Cl 1105312.304 500008, 000
Cm 994761.700 500000.000

Cn 884217.180 500000.000

Northings Coefficients

b0= 4.41720135

by= 0.00406009 -

b2= 0.99941773

d *'Ed
1105301.830 500022.800

N

994761.010 499998.660
884226.076 500024.431
Table 1 -

NC,Ec are the results obtained using the tables of transformation

Nd,E

d
-22.80

1.34
24.66

q are the results obtained by the direct method using linear equations.

Nc'Nd and Ec'Ed are the differences in coordinates betwwen the two methods of

transformation.
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4,03 Second Order Conformal Transformation:
Test for Suitability.
To solve a transformation problem using a second order conformal transformation

formula requires that the coordinates of at least five points must be known, in

both system invoived in the transformation.

For a separate solution which is favoured for reasons that would be stated later,

a complete set of equations built on equations 3.0002 and 3.010 is written

below:
£y ’ 1. e ey -y 2Zemy { a,
2 2
E2 1 e2 n2 e2 - n2 2e2n2 a]
2 2
B3 | 1 & n3 ey ~n3 oy ...4.003
33 a, o
E ] : . .
4 _ 2 2
\ I L I R a3
E 1 - ‘
5 2
- Ne e 2 ) /
_-_5 5 : 5 _f ﬁs. 2e5n5 a,
N] f 1 e n] er - My 2§]n] b0
2 2
N2 1 e2 n2 gz - n2 2e2n2 b]
- 2 _ 2
Ny | = 1 ey ng &3 -ng  Zesny b, ...4.004
2 2
N4 1 §4 n4 e4 - n4 2e4n4 b3
2 2
N5 } 1 ?5 ‘n5 e5 -.n5 Ze_n b

25 4

E,N. represent the UTM coordinates.

e.n represent the Nigerian TMP coordinates;

a,b represent the eastings and northings coefficients of

f
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W v

transformation respectively.

A test computation for the same block as in 4.02 was also carried out and

the results obtained are shown below.

Easting Coefficients k :!'?'_._ . Northing Coefficients

a, = 435860.464 . o o b, = 441819.885

2y =o9%m by - 0.00183955

a, = -0.00183839 b, = 0.99923242

ag = 0.00020386 b, = -0.00000039

84 =-0.00000C68 b, = 0.00020383

point N, E Mg £y NN E £y

C1 1105312.3  500000.0 1053124 499999.993 --0.145  0.007

¢ 994761.6  500000.0 994761.7  500000.000 0.002  0.000

C,  884217.2  500000.0 884217.3  500000.033 0.138 -0.033
Table 2

A comparison of tables 1 and 2 show that the second order conformal
transformation formula gives a better result, thus the second order conformal

transformation is chosen to be the most suitable,

4.04 Least Squares Computation.

A combined so]ution.of the eastings ﬁnd horthing;
coefficients is possible using the least squares. Observation equations are
formed from 3.007 and 3.008. These equations are pre-multiplied by the
transpose to form the normal equations which are then solved to get the combined
coefficients for eastings and northings. A sample computation showed that the

least squares does not really give an improved solution despite the fact that
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its computation takes longer time and is much more involving. Thus it was
decided that the Jeast squares computation is not really worth the troubles
hence the author settled for a separate solution for the eastings aad the northings

4.05 Direct Conversion by Interpolation:
The Divided Differences Method.

- A non transformation method exist whereby rectangular coordinates
could be converted directly between orthomerphic projection systems. The theory
of the method is discussed in (9) pages 224 - 225, '

Fig 4.1 represent a block. the four corners of which are labelled A,B,C,D.

It is assumed that the Nigerian TMP. and the UTM. coordinates of these points are
known and are

2y zz,.z3; zy 'éhd Z], 22, 23, 24. respectively and where

zZ=x+ iy S
Z=X+iY |
X=¢€e and y = n

X =EFE and Y = N

The first order,‘éecond order and third order divided differences are defined
below as

First order divided difference is defined as

2. (2] (2}

where [:z]zé] = {2y = Zp) ¢ (zq - zp)

, ; X,) + i, - Y,)

(x] - xz) + 1(y] - yz) ............. 4,005

S (x] = xz) = a, (.Y] - .YZ) =b
| A+ B
a + ib

4.005 then becomes

The second ordef differencé is defined as
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[2,2,2,] and{2,2,2, ) where
[212223]{2122]- (2,2, } R CIRESY -
[222324] JLZZZ;J - [2324]} t (2- 2,) | '....'.......'..4.00?

The third order difference is defined as

[ 2,2,2,2,] ={[7-12223]' [222324]}* (23- 24)

The coordinate of any point in the area within the block is computed by the
formula

L= Z]+ (z—z])[z]zztl+ (2-21)‘2-22)[21222%} + (z-zl)(2-22)(2-23)[212223Zé].4.009

A test computation carried out using the divided differences method gave a
very good result (app. 2) but the back substitution to get the coordinates
for other points within the block was foundcto be very tedious and requires
the knowledge of complex numbers which negates the objective (iii) stated in
chapter 2. Thus the divided differences method was also rejected.

In the final analysis the second order conformal transformation
method was declared the most suitable and the method of separate solution
for the northings and the eastings was favoured.
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A(1) B(2)

N
E
B o(4y . . €(3)
| Fig. 4.1
D P-——— Q) C
E O
] © D
A B
Fig. 5.°

Showing the'approximate location of points whore
- geographical coordinates were used {within each block)

in the computation of the coefficients of transformation,
(not to Scale). 28



CHAPTE 5:
COMPUTATIONAL PROCEDURE AND PROGRAMMES

5.01 Location of Points Used to Compute Coefficients.

| | | Within the central area of each block, an area of approximately
one hundred and fifty square kilometres was carved out. Five peripheral points
were chosen around this area and the geegraphical co-ordinates of these points were

scaled off from a base map (see Fig 5.1)

5.02 Computation of Transformation Cooefficients.

The scaled off coordinates were transformed to:

. {a} Nigerian Transverse Mercator projection coordinates.

-

(b} Universal Transverse Mercator projection coordinates,
These were used in the formation of equations 4.003 and 4.004 and subsequently

in the computation of the transformation co-efficients.

5.03  Transformation: Geographical to Projection,
- | There are thirty seven blcoks covering the whole

country and five points are used to compute the transformation coefficient for each

_ block which implies that a total of one hundred and eighty five points have to be

transformed twice from geographical to grid. The need to test the results makes it

.necessar'y to even have additional points.

X

"

-

-

5.04 Programmes for densforﬁation: éeographica] to Grid: | s
Two separate programmes were developed to execute the
transformation from geographical to grid using the Hewlett Packard HP 29C
Calculator which has ninety eight programme steps and twenty nine stores, thirteen
of which were indirect. | |
The programmes helped to reduce the high risk of computational error. The basic
formula for the transverse mercator could not be used because of restricted

storage facility and programme lenght. A modified formulae which permits
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programme s to be written on small programmable calculators developed in

(1) was used.

The formulae used are as defined below:

FE + YT [| 1—% ((P N ‘b)“fJ*(D" nsh.\p F luq“zp))] - -4-00

E -
120
. 30
N=S + ‘r:r”-imr.% [ya + /24,(5 ~tan®) ] ~ - - >
where |

_ .
— T + 0. 005131004.63 Sin d:' Ceo
> " E‘b (I - O- 0042602,5 (o8 dp(i O DOor-%A(”SL:P))]

Meridional distance computed by Vincenty method.

H

Longitude of central meridian

Longitude of point
Latitude of point
% __)\c : o . . L

Lo > T
"

J =
¢ = am. / (1-e’sin)}
g = 1‘+8c052

m,= scale of factor at the central meridian |

r = radius of rectifying sphere for Clarke 1880 spheroid o _  | N
= 6367386.65 -

psr = radii of curvature of sheroid

FE = false easting of central meridian

e = eccentricity of sheroid

€ = second eccentricity squared = e2/] -

The programmes were tested and found to be correct to within 2 mm of the results
that would have been achieved by using the tables of transformation. This implies
that the terms omitted in the basic formula are insignificant especially in Tow

Tatitudes,
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5.05 Programme Listing
Appendix 3 lists the two progranmes earliermentioned and other programmes
in the following order: o . ._ _ _ ._
(i) Geographical coordinates to northings {UTM and NTM) .?f
(ii) Geographical coordinates to eastings (UT M and NTM)

(iii) Programme for formation of matrices from the coordinates of B
- the five known points.

(iv) Programme for derivigngTM coordinates from NTM coordinates
the newly computed coefficients of transformation.

5.06  Solution of 5 x 5 Equation

To obtain the coefficients of transformation, it was necessary to sdve a series
of five equations in five unknowns as defined by equations 4.003 and 4.004.
These equations were solved using the TEXAS TL59 (with print out) pre-recorded
(library programme 02 which solves and print out the determinant and the
solution of these equationg.

The results of the thirty-seven equations that were solved to get

coefficient covering the whole of Nigeria is shown in Appendix 9.

The data in pages 32 - 38 are the approximate longitude and latitude of points
scaled off from the hase map and used in the computation of the coefficients of

transformation for each of the blocks,
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BLOCK

LONGITUDE
03 28 25.185
03 33 52.670
03 33 19.008

03 27 30.102

03 27 40.001

. SAE LONG. AS

BLOCK 1

SAME LONG. AS
BLOCK 1

SAME LONG. AS
BLOCK 1

05 13 25.185 = -

05 18 52.670
05 18 19.008
05 12 30.102
05 12 40.001 -

SAME LONG. AS
BLOCK 5

.| 32.

12
12
13
13
12

10
10
11
ja
10

08
08
09
09
03

06
06
07
07
06

12
12
13
13
12

10
10
11
11
10

LATITUDE

55
56
05
04
58

55
56
05
04
58

55
56
05
04
58

55
56
05
04
58

55
56
05
04
58

55
56
05
04
58

30.
20.

15

40.
28.

30.
20.
5.
40,
28.

30.
20.
15.
40.
28.

30.
20.
15.
40.
925

28

30

20.
.200
40.
28.

15

30.
20.
15.
40.
28.

981
169
200
733
925

981
169
200
733
925

981
169
200
733
925

981
169
200
733

981

169

733
925

981
169
200
733
925



BLOCK

10
10
10

11

"

12

12

LONGITUDE

05 13 25.185
05 18 52.670
05 18 19,008
05 12 30.102
05 12 40.001

SAME LONG. AS

- BLOCK 5.

SAME LONG. AS

" BLOCK 5

06 13 25.185
06 18 52.670
06 18 19.008
06 12 30.102
06 12 60.001

SAME LONG. AS

~ BLOCK 10.

SAME LONG. AS
BLOCK 10

LATITUDE

08 55 30.
08 56 20.
15.
40.
28.

09
09
08

06
06
07
07
06

04
04
05
05
04

12
12
13
13
12

10
10
11

11
10

08
08
09

- 09

o8

05
04
58

55
56
05
04
58

55
56
05
04
58

55
56
0%
04
58

55
56
05
04
58

55
56
05
04
58

30.
20.
.200
40.

15

28

30,
20.
15.
40.
28.

30.
20.
15.
40.
28.

30.
20.
15.
40.
28

30.
20.
15.
40.
28.

981
169
200
733
925

981
169

733

725

981
169
200
733
725

981
169
200
733
925

981
169
200
733

.925

981
169
200
733
925

L33



BLOCK
13

LONGITUDE
SAME LONG. AS

.. BLOCK 10

14
15

16

16

17

18

18

SAME LONG AS

~ BLOCK 10

06 58 25.185
07 03 52.670
. 07 03 19,008

06 57 30.102
06 57 40.001

SAME LONG. AS

BLOCK-15.

SAME LONG. AS

BLOCK 15 =

SAME LONG AS
BLOCK 15.

LATITUDE

06
06
07
07
06
04
04
05
0%
04
12
12
13
13

12

10
10
12
N

10

08
08
09
09

08

06
06
07
07
06

55
56
05
04
58
55
b6
05
04
58
55
56
05
04

28

55
56
05
04
58

55
56
05
04
58

55
56
05
04

58

30.981
20.169
15.200
40.733
28.925
30.981
20.169
15.200
40.733
08.925
30.981
20.169
15.200
40.733
28.925

30.981
20.169
15.200
40.733
28.925

30.981
20.169
15.200
40.733
28,925

30.981
20.169
15.200
40.733
28.925
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BLOCK
19

i9

20

20
21

21

22

22

23

23

24

24

LONGITUDE
SAME LONG. AS
BLOCK 15

08 13 25.185

08 18 52.670

08 18 19.008

08 12 30.102

08 12 40.001

SAME LONG. AS
BLOCK 20

SAME LONG. AS

BLOCK 20

08 13 25.185
08 18 52.670
08 18 19.008
08 12 30.102

08 12 40.001

SAME LONG. AS
BLOCK 23.

04
04
05
05
04
12
12
13
13
12
10
10
11
1
10

08

08
09
09
08

06
06
07
07
06

04
04
05
05

04

55
56
05
04
58

55
56
05
04
58
55
56
e
04
58

55

56
05
04
88

55
56
05
04
58

55

56
05
04
58

LATITUDE

30.
20.
15.
40.
28.
30.
20.
15
40.
28.
30.
20.
15.
40.
28.
30.
20.
15

40.
48.

30.

20.

15.
40.
28.

30
20.
15.
40.
28.

981
169
200
733
925

981
169

.00

733
525
€81
169
200
733
925

981
169

.200

733
935

981
163
200
/33
925

981

169
200
733
925
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BLOCK
25

26

26

27
27
28
29

29

30

30

31

LONGITUDE
09 43 25.185
09 48 52.670
09 48 19.008
09 42 30.102
09 42 40.001

SAME LONG. AS

BLOCK 25

SAME LONG. AS
BLOCK 25.

SAME LONG. AS

BLOCK 25.

11 13 25,185

11 18 52.670
11 18 19.008
1112 30.102
11 12 40.001

SAME LONG. AS

BLGCK 29

ShqL LUhG, AL
BLOCK 29.

LATITUDE

12
12
13
13
12

10
10
n
1
10

08
08
09
09
08

12
12
13
13
12

10

10
1

Bl

-

55
56
05
04
58

55
56
05
04

58

55
%6
05
04
58

55
56
05
04
58

55

56
05
04
58

55
56
05
04
58

56

30.
20.
15.
40.
28.

30

20.
15,
40.
28.

30.
20.
15.
40.
28.

30.
20.
15.
40.
28.

30.
20.

15

40.
28.

30.
20.

15

40.
28.

981
169
200
733
925

981
169
200
733

981
169
200
733
925

981
169
200
733
925

981
169
200
733
925

981
169
200
733
925

M GEY

20

. 169

36

925



BLOCK
31

31

32

32

33

33

34

.38

LONGITUDE

11 i3 25,185
11 18 52.670
11 18 19.008
11 12 30.102

11 12 40.001

SAME LONG. AS

BLOCK 31.

12 43 25.185
12 48 52.670
12 48 19.008
12 42 30.102
12 42 40.001

SAME LONG AS
BLOCK 33.

SAME LONG. AS
BLOCK33.

LATITUDE

08 55 30.981
08 56 20.169
09 05 15.200
09 04 40.733
08 58 28.925

06 55 30.981
06 56 20.169
07 05 15.200
07 04 40.733
06 58 28.925

12 55 30.981
12 56 20.169
13 05 15.200
13 04 40.733
12 58 28.925

10 55 30.981
10 56 20.169
11 05 15.200
11 04 40.733
10 58 28.9256

08 55 30.981

08 56 20.16%
0% 05 15.200
09 04 4G.733
08 58 28.9¢5



BLOCK
36

36

37

LONGITUDE
13 58 25.185
14 03 52.670
14 03 19.008
13 57 30.102
13 57 40.001

SAME LONG. AS
BLOCK 36

37

LATITUDE

12
12
13
13
12

10
10
A
N
10

55
56
05
04
58

55
56
05
04
58

30,981
20.169
15.200
40.733
28.925

30.981
20.169
15.200
40.733
28.925

38



CHAPTER 6 ANALYSIS OF RESULTS.

6.01 For the measure of precision of the direct method of transformation

of Nigerian transverse mercator projection to the Universal transverse

mercator coordinates (using the second order conformal transformation

formula) and the suitability of the method for practical use in coordinate trans-.
formation, the standard error and mean values of the discrepancies or

differences were calculated.

The differences were of course the differences (Nc— Ny o (E.- Ed)

between table transformed results and the results of the transformation by the
direct method. | -

Fig. 6.1 represehts é typical block for which the coefficients of
transformation have been derived. It is expected and infact true that the
maximum differences will occur at the corner points A,B,p,D_(which happensto be
the farthest points from the centre. | _ ::. -- ff_f _:.

Working on this theory, differences were computed for points A,B,C,D
for each block (appendix 4) and these differences were used to compute the

mean, and the standard error (for the northings andcthe eastings).

n

PE Z(E-E)

<2 ig)®

.‘ })N- f:?]Nc‘ Ng) -‘ . o :.aﬁ;"
JE Z(EC- £,)

n ) _. ’.1 -
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FIG. €.1

Diagram showing the farthest points
from the centre,

a0



}JN, PE denote the mean error for the northings and eastings respectively

(T’N,(TT? denote the standard error for the northings and the eastings

respectively,
Nc’ Ec denote the UTM coordinates obtained by the tables of
transformation. o o |
Nd’ Ed denote the UTM coordinates obtained from the direct method
using the secondcorder conformal trans frmation formula..
n denote the total number of points tested., = 145,

On the whole, the differences for one hundred and fourty five points were
computed (note that a point in some cases is common to four blocks and in
such cases the point is counted as four points.) It was on the basis of this
that the standard error was computed for the whole country.

The following are the results obtained
Me
M
gw
gt

The foillowing statistical measures were also computed

Variance (Tﬁ = 0,009
_ 2 ' -

Variance U'E)Z

Coefficient of correlation

0.072 Metres

‘0.0?2 Metres

I

0.100 Metre
0.094 Metre

0.010

PEN = 0.600

A close Took at (table 6.2) the tables of differences grouped for the one
hundred and forty-five tested points showed that the differences followed
or appeared to follow a set pattern which can be described by the following

characteristics,
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| .
- L

=200 -.100 o .100 200 T T T

N - N
Fig. 6.3 ¢ 'd

Histogram of the grouped data showing the ditferences (NC—Nd)

against the frequency of occurrence of such differences.
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Frequency

1

=200 =100 OO T 60T Al I

0 .
b Bg
Fig 6.2

Histogram of the grouped data(the differences Ec- Ed’ HICI

against the frequency of occurrence of such djfferences.
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(i) A1l differences fluctuate about a central value,in this case

zero which is the minimum djfference (NC— N&)or (Ec- Ed) assuming that the
absolute value of the differences were used.

{ii) Positive and negative deviations are almost equally frequent.

{iii) Small deviations are more common than large ones.

On the basis of these prﬁperties, the differences grouped a§ shown in
Table 6.1 and the grouped data were used to plot the histograms shown in
fig. 6.2 and 6.3, | N “ |

It is observed that the smpoth curve fitting the stepped lines of
the histogram is similar to the normal distribution curve, If this is the
case, then any deviation greater than‘3CTﬁﬂénd 3UE;must be rejected. This is
in accordance with the properties of normal distribution where;

(i) approximately 68.3% of the area under normal curve lies

between, }Jt J

(1) approximately 95.4% of the area under normal curve lies
between FJ + g
(ii1) approximately 99.7% of the area under normal curve lies between

}Jt 3T in this case P= 0

a4



Range N - Nd E -E

o ¢ d
-.300 0 0
-.300 - -.250 o 0
-.250-  -.200 - ;  s _0j'_. Ty
200 -50 .2
- 150 -.100 7 o
-.100-  -.050 - 13 R XY
-.0s- .00 33 3
000- .05 . %
050- o0 .- 2 2
100- 150 e s
ase- 200 - 7 5
.200- 250 | 4 ‘2
.250- .30 © - 2 -3
1300 | 3 1

TABLE 6.2
Showing the grouped form of the data'in.appendix 4 .
6.02 Precision by Comparison of Distances and Bearings.
A further method employed in fhe determination of the precision of the
direct method is by the comparison of bearings and distances between pairs
of coordinates computed using the two available methods.

Four of the Enugu township mapping statings were used for this test,

and the results are shown in table 6.3 and 6.4.

45



Station Ec NC Ed Nd 3 —Ed NC— Nd
Ecs 7S 7766.804 4309.135  7766.782  4309.125 .022 .010
Ecs 85 9611.795 7066.512  9641.775  7066.504 .020 .008
Ecs 145 2890.0633  0571.088  2890.594  0571.080 .029 .008
TBs 24 9173.079 1536.355  9173.057  1536.348 .022 .007
TABLE 6.3 o
_ - By TébTes. ..a-. By Direct
Ecs 7S - Ecs 8S Bearing - 34%12'55.2"  34%12'55.3"
S ~ Distance 3334.474 . 3336.477
" Ees 145 - TB 24 Bearing 161°16'18.7" - 161°16"18.8"
' Distance 11578.308 - 11578.307
" TABLE 6.4 | R

Table.6.4 shows that thére is a difference of 0.1J.ih béaring énﬁﬂof
0.003 metres in distance which rpoves that the direct methud is quite
reliable, | | | o

6.03 Precisioh Measured as a Function of Distance from Céntré:'

The points used for the computation of the coefficients of transfor-
mation were picked close to the centre of each block., Thus if the assumption
is made that the direct transformation is free of errors at the centre of
each block, then it is possible to get a measure of the precision of the
direct method as a ratio of the differences in coordinate and the distance
from the centre of the points. The results of a test computation is shown
in table 6.5.

The seven largest differences in the one hundred and fourty-five
tested points were used for this test and the result in the table indicate
an accuracy of .002 metres per kilometra for both the eastings and the

northings. .This implies a precision of Z parts per miliion.
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Block Point App. Dist. N E Misc.

From Centre {Nc Nd} (E.- Eq}  Per Kilometre
7 b 272 K 218 .204 .001
12 ar . 272 Ko .007 323 001
2 . cc . 272 Km. 215 256 . .001
31 m 22k, 326 .02 001
3 ¢ 2z 309 007 001
37 de 272 Kn. .349 259 .002
Table 6.5

Showing the precision per Kilometre for the six worst cases.
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CHAPTER 7  CONCLUSIONS

Since the direct method of transformation was built on the grid -
geographical - grid method, it cannot be more accurate, however its
relative accuracy of 2 ppm is considered to be good method enough for
cadastral surveys. , - |

The direct method of transformation is easier to bperate since it
requires only the basic knowledge of addition and multiplication. The
method is further simplified by the provision of a chart (app. 5) which
shows the 1:100,000 and (1:50,000) Nigerian map sheets numbers and the
corresponding block numbers for each of these map sheets.

Nigeria being a developing country, surveyors and ﬁost survey
organisations have not got direct access to computers. This direct method
could serve as an alternative for surveyors who hitherto would have required
the services of computer consultants to undertake the transformation of

" coordinates for them. :
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CHAPTER 8. RECOMMENDATIONS

It is hereby recommended that to use the direct method of transformation
to transform Nigerian TMP. coordinates to UTM., the following procedure
should be followed. ) S S

(1)} The computer should find out the Nigerian map sheet number (1:100,000,
1:50,000, 1:25000, 1:10,000) on which map sheet the station whose coordinates
are to he transformed appear. ' '

{1i)The equivalent block number is then read off from the chart in appendix 5
(This is the number of the block on which the station being transformed appear.)

(111)The coefficients of this block is then extracted from the list of coeffi-
cients and are written in columns A and B of the form designed for the com-
putation. (See appendix 6)

(iv) The necessary multiplication and additions are then carried out to obtain
the equivalent UTM. coordinates.) ' '

A sample computation is provided in appendix 7 and can be compared with the
computation using the tables of transformation.The sample computation of this is
in appendix 8. . : |

It is also recommended that an investigation into the use of this method

in other developing countries be carried out. It is hoped that such an
investigation will inevitably be a useful venture.
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APPENDIX 1

MAXIMUM AND MINIMUM OVERLAP FOR THE TMP PROJECTION
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Two points A and B located as follows are transformed from
geographical coordinates to rectangular, Since the points lie on
the junction between the two belts - West and East, the transfor-
mation is carried out from the two belts. The differences between
the coordinates (Eastings) obtained are 7700.778 metres and
4371.64 metres and these differences mark the maximum discontinuity
and maximum overlap respectively, since they are located at

-

Point " Latitude  Longitude

A 14%00 ~ 06° 30"
8 - 000 - 06° 30

140 and 04° which mark the Northern and Southern boundaries of the
TMP projection system of Nigeria : '
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APPENDIX 2

TEST COMPUTATION OF THE DIVIDED DIFFERENCES METHOD

52



| BLOCK 5 |
TEST CONPUTATION USING THE DIVIDED DIFFERENCES NETHOD

The following points were used to compute ZIZZ’ 212223, 21222324 :

bb, bd, ap, ar. While the point bc was used to test the correctness of the

method.

Resulis. _ _ _ o

2;Z, = 1.00016005 0.00589123

12,2y = 0.000°0375 - £.00000270 ..eeiiieiirnennnnen. (i)
132,7574= 0.00000006 - 0.00000028

Coordinates of point be | |

TMP, 230738.266 E° - 995069.684 N ... ........ (i1}
S+ UTH. 662682175 E ' 1437486.208 N o.n..n..... (iii)
Substiiuting the results in (i) in the formula (4.003) the result
obtained for point bc using the divided differences,method is as
~ follows o '_' |
- 2 = 662682.175 FE  1437486,196 which compares with thessult obtained by

the tables of transformation as found in (iii} above.

The above result indicate that the method of divided differences is quite
accurate however the back substitution is tedious and requires the knowledge

of complex numbers.
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APPENDIX 3

PROGRAMMES ON HP. 29C CALCULATOR. (i) Geographical - Northings

(ii) Geographical - Eastings
(ii1) Other Programes
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APPENDIX 4

DIFFERENCES (Ec- Ed), (NC- Nd) FOR THE ONE HUNDRED AND FOURTY-
FIVE TESTED POINTS FOR STATISTICAL ANALYSIS.

(Ec— Ed)’ and (N.- Nq) ARE THE DIFFERENCES BETWEEN THE COORDINATES

OBTAINED USING THE TABLES OF TRANSFORMATION AND THAT OBTAINED USING
THE DIRECT METHOD.
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| poInT -, | E -E, | POINT [ N - N, |'E -E,
1 | e 55 | -.126 | az .. 065 224
2 cs .090 .071 35 ax -.027 .007
3 bb .002 -.088 36 ap -.011 .148
4 bd .018 .012 37 ar -.007 .323
5 cs 173 -.124 38 ca .068 .079
6 cu .015 .083 39 cc .215 .256
7 bd .078 -.038 40 ar -.031 -.086
8 bf .049 -.006 41 at .023 .066
9 cu .072 -.036 42 cC .093 -, 152
10 oW .019 .058 43 ce 143 .032
th bf .036 -.048 44 at -.080 -.063
32 bh .041 .028 45 av .019 .075
13 cwW .027 -.028 46 ce .040 -.092
14 cy .018 .035 47 cg .012 -.048
15 bh .056 -,051 48 av -.076 .13
16 bj 132 .033 49 ax .026 147
17 bb .218 .204 50 cg .01 -.010
18 ap 115 .030 51 ci .097 135
19 bd .016 .082 52 ax -.038 .256
20 ar .060 .188 53 az .000 .090
21 bd .108 -.030 54 ci -.011 .028
22 bf .018 .064 55 ak . 061 .044
23 ar .082 015 56 ca .098 -.078
24 at 023 -.002 57 cC -, 021 -.078
25 bf .041 .055 58 ae .005 -.080
26 bh .077 .060 59 ag A1 -.106
27 at .031 -.007 60 ce -.077 -.044
28 av 116 .035 61 ce .023 -77
29 bh .053 -.087 62 ag .054 -.133
30 bj .072 .001 63 ai -.073 -.056
31 av .005 -.054 64 ce -.093 -, 113
32 ax .016 -.105 65 cg -.062 -.074
33 bf . 045 -.210 66 ai -.008 .004
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POINT

No - Ny | E. - Eg POINT | N - N E. - Eq |
67 | ak -.047 -.102 100 0 .025 -.076
68 | cg .016 .085 107 X .106 .067
69 | de .349 .274 102 z .053 .023
70 | ci .036 -.003 103 0 .078 .034
71 ak . 064 .026 104 q .169 . 044
72 am .03% 076 105 z .027 004
73 | ci .0mn -.078 106 | ab .032 -.036
74 | ck .006 -.035 107 q 062 -.012
75 | am .028 -.085 108 s .055 .018
76 ao .016 -.036 109 ab -.030 - ~.050
77 | ae .005 -.145 110 | ad -.054 -.039
78 | ag 15 .027 1M X ~.030 -.038
79 v 122 .046 112 u -.005 -.078
80 X .062 -.133 13 m .326 .032
81 | ag .088 .067 114 0 .166 .154
82 | ai -.001 -.070 115 f -.046 -.062
83 X .034 -.079 116 h .081 .035
84 .087 .032 117 0 .165 .156
85 | ai . 044 .062 118 q .104 .086
86 | ak -.018 .034 119 h -.105 -.100
87 z .016 .048 120 i -.134 .090
88| ab .076 .076 121 q .081 .031
89 | ak -.029 022 122 s .244 . 069
90 | am -.027 -.039 123 j .080 -.125
91 ab . 009 -.194 124 i -.150 -.015
921 ad -.019 -.005 125 s ,085 -.010
93 | am -.086 165 126 i -.126 -. 081
94 | ao .030 -.050 127 t .059 . 056
95 | ad .014 .055 128 f 113 115
9 | dg ~-.013 .041 129 h -.027 .000
97 v -.036 -.099 130 a .235 -.025
98 .086 -.008 131 ¢ .309 -.007
99 m .092 -.007 132 h -.051 163
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POINT Nc~ Nd EC- E
133 ] -. 151 . 081
134 c 019 .075
135 e .092 .043
136 J -.08% 145
137 i -.156 -.007
138 e . 005 -.008
139 a .267 .016
140 o .000 .057
141 da .266 -.012
142 dc .074 .007
143 o .186 .140
144 e .192 .047
145 -.040 .128

dc
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APPENDIX 5

CHART OF THE 1:100,000 MAP SHEET NUMBER AND THE CORRESPONDING
BLOCK NUMBER FOR THE NEW DIRECT METHOD.
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[ 1:100,000 { 1:100,000 1:100,000 1:100,000
MAP SHEET BLOCK | MAP SHEET BLock | MAP SHEET BLOCK | MAP SHEET BLOCK
NUMBER  NUMBER [ NUMBER NUMBER | NUMBER  NUMBER | NUMBER  NUMBER
T === 1 31 --- 10 64 --- 29 97 --- 6
2 == 5 32 --- 15 65 --- 33 98 ~-- 6
3 --e 5 33 ==~ 15 66 --- 33 99 —-- 11
4 --- 5 34 --- 20 67 - 33 100 --- 16
5 --- 10 35 --- 20 68 --- 36 101 ~-- 16
6 --- 33 36 --- 20 69 --- 36 102 --- 21
7 --- 33 37 --- 25 70 -=—= 36 103 == 21
TA--- 36 38 --- 25 71 e 2 104 --- 21
8 --- 39 --- 25 72 --- 2 105 --- 26
9 --- 40 --- 29 73 ——= 6 106 --- 26
10 --- 4) --- 29 74 -—- 6 107 --- 26
1M --- 42 --- 29 75 --- 6 108 --- 30
12 === 10 43 --- 33 76 --- N 109 --- 30
13 --- 15 44 --- 33 77 --- 16 110 --- 30
14 --- 15 45 --- 33 78 == 16 N1 --- 34
15 ~==220 46 --~ 36 79 --- 21 112 -~ 34
16 ~-- 20 47 --- 36 80 --- 21 113 --- 34
16A--- 20 48 --= 1 8] -=- 21 14 --- 37
17 --- 25 49 -—= 1 82 --- 26 15 --- 37
18 --~ 25 50 --- 5§ 83 --~ 26 16 --- 2
19 --- 29 51 --- 5§ 84 --~ 26 17 -== 2
20 --- 29 §2 =-= 5 85 --- 30 118 --- 6
21 --- 29 53 --- 10 86 --- 30 119 == 6
22 --- 33 54 --= 15 87 --- 30 120 --- 6
23 --- 33 55 == 15 88 --- 34 121 === 11
24 -—- 33 66 --- 20 89 --- 34 122 --- 16
25 --- 36 §7 --- 20 90 --- 34 123 -—- 16
25A--- 36 58 «-- 20 91 --- 37 124 --- 2]
26 -—- 1 59 --- 25 92 === 37 125 --- 21
27 --- 1 60 --- 25 93 --- 37 126 --- 21
28 --- 5 61 --- 25 9 --- 2 127 --- 26
29 --- § 62 --- 29 95 ~-m 2 128 --- 26
30 ~-- 5 63 --- 29 96 --- 6 129 --- 26
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1:100,000 1:100,000 1:100,000 1:100,000

MAP SHEET BLOCK | MAP SHEET BLOCK | o cuep BLOCK | MAP SHEET BLOCK

NUMBER  NUMBER | NUMBER NUMBER | yinmen  nMBER | NUMBER  NOMBER
130 --- 30 164 --- 17 197 --- 35 23] --- 22
131 --- 30 165 --- 17 198 --- 3 E3Z o BT
132 --- 30 1GE e 122 199 --- 3 233 --- 27
133 --- 34 167 --- 22 200 ~--- 3 930 === 2
134 --- 34 168 w== 22 20) === 3 P35 wee 3]
135 --- 34 169 === 27 202 --- 7 236 --- 31
136 --- 37 170 --- 27 203 == 7 D5 s
197 s 2 171 s= FF 204 --- 7 238 --- 35
138 --- 2 W2 s B 205 --- 12 239 --- 4
139 --- 6 173 --- 31 206 ~-- 17 240 --- 4
140 --- 6 {74 ses 8 07 e §7 L R
141 --- 6 175 --- 35 208 --- 22 242 -—- 4
A2 e T YT e 35 209 --- 22 243 --- 8
143 --- 16 177 --- 35 210, === 22 244 --- 8
144 -- 16 178A--- 3 F11 wwn 27 245 --- 8
145, === 2) 18 == 3 212 --- 27 o O
146 --- 21 178 === 3 $13 =-- 27 247 --- 18
47 =we ) 180 --- 3 214 --- 3] 248 --- 18
148 --- 26 18] === 7 215 --- 3] 249 --- 23
149 --- 26 182 --- 7 216 --- 31 250 --- 23
150 --- 26 183 --- 7 217 --- 35 25) == 23
o 184 --- 12 218 --- 35 262 === 28
152 --- 30 185 --- 17 5V == 3 253 --- 28
153 --- 30 186 =-- 17 BHG = 3 254 --- 28
154 --- 34 1B . B2 5 N 255 === 32
155 --- 34 188 --- 22 28 mwe % 266 --- 32
156 --- 34 189 --- 22 BIG e 7 257 ~-m 32
15 RO 190 e 27 PR o T 258 --- 35
168 --- 3 191 --- 27 226, =om 7 259 --- 4
159 --- 3 198 wss 77 996, ww 12 260 --- 4
160 --- 7 193 --- 3] 227 === 17 261 --- 4
161 === 7 194 --- 31 328 wew 17 262 === 4§
162 wes 1 195 --- 31 299 waw 22 263 --- 8
163 --- 12 196 --- 35 0, = 22 264 --- 8
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1:100,000 1:100,000 1:100,000
MAP SHEET  BLOCK MAP SHEET  BLOCK | MAP SHEET  BLOCK
NUMBER NUMBER NUMBER NUMBER { NUMBER NUMBER
265 --~ 8 296 --- 8 332 --- 24,
266 --- 13 297 --- 8 333 --- 9
267 --- 18 298 --- 8 334 --- 14
268 ~=- 18 299 --- 13 335 ~-- 19
269 --- 23 300 --- 18 336 --- 19
270 --- 23 301 --- 18 337 --- 24
271 -~ 23 302 --- 23 338 --- 24
272 --- 28 303 --- 23
273 --- 28 304 --- 23
274 --- 28 305 --- 28
275 --- 32 306 --- 28
276 ~-- 32 307 ---
277 === 32 308 ---
278A~-- 4 309 ---
278 === 4 310 --- 14
279A--- & 311 === 19
279 --- 4 312 --- 19
280A-~- 4 313 --- 24
280 ~~- 4 314 --- 24
281A--- & 315 --- 24
28] --- & 316 --- 28
282 --- 8 317 ---
283 --- 8 318 ---
284 --—- 8 319 --- 14
285 --- 13 320 --- 19
286 -~- 18 321 --- 19
287 --- 18 3ee --- 24
288 --- 23 323 --- 24
289 --- 23 324 --- 24
290 --- 23 325 ---
291 --- 28 326 --- 9
292 --- 28 327 --- 14
293 --- 28 328 --- 19
294 --- 32 328 --- 19
QAT RN il e
295 --- 32 331 --- 24
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APPENDIX 6

COMPUTATION FORM DESIGNED TO BE USED FOR THE DIRECT METHOD
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DIRECT TRANSFORMATION OF COORDINATES

NIGERIAN TMP. TO_ utm.
ARER:, cineswas vaves s STATION. <o s maraissse v sie
LOCATION....vvvuvun.. MAP SHEET NO....vuun.n..
BOMPUTER oo vovavie v BLOGK: ND.: . o sierise e seass
DATE v oo eeeeeeaennn,
TMP. COORDINATES: N = ©oveervrenneos n=Nx 0.00001
B aneaats SRR e = E x 0.00001
PRODU. T PRODUCT
| BxC B ¢ A _CxA
| b0= 1.0000000 85"
SR | vl MR DRt Ry L. S
S B .tff__ N L 147 R B
o A LA o S
~ 2_2_ .
| |by= e . a3= N o )
bg= 2en= ag=
................. SUM 1
_______xlooooo _. ___ x100000
- ~UTM (N) UM (E)= B
FINAL UTM. COORDINATES: N = vuvrrunrennnnns
BB coe s 53semen s




APPENDIX 7

SAMPLE COMPUTATION OF THE DIRECT METHOD
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DIRECT TRANSFORMATION OF COORDINATES

NIGERIAN TMP. TO UTM.

AReA. KADONS. . ... starion. 56 (NaTRN M T’i6.)
Location. N\ GH3a. AP SHEET No.... [%H ...
conpuTeR. Arantole.. L.l BLOCK NO........ o, ...

DATE ........ I[12].%0, ..

TMP. COORDINATES: N = GTKSH3: 4tk g

= N x 0.00001
E=0398%6:29] e =E x 0.00001
PRODUCT PRODUCT
_Bxc | s | ¢ | a | cxa__|

1

4425 LL‘il'f-_ 3 9.?.:%%9‘&&1%. = PeT Lkl =4 26295 4G
fo. 00329999 |P1%0- doogjs =5+ 3582wy (|"17 POV | S350 14T
1699 04452 |P2= 100080 314 |n= b-q osnut|22= 0 000zt 0 20425635
F0:00000 363 |37 0-00000n3efeaa® T HH3 = 0000t 013898

= o
F0.00509926 bi*i‘_ 00086 Zen 4 b (b 4 — 0-00000024— O 0 TOC (IHF

e 49603 - sum sut.g 1087087,
~_ x100000 ~ %100000
lJ&Q?}& 63 & Ui (N) UM (E) 3105‘30 |22
FINAL UTM. COORDINATES: N = [|4hO118:.62&
E= 2l0520: (62
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APPENDIX 8

SAMPLE COMPUTATION USING THE METHOD OF THE TABLES OF
TRANSFORMATION.
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APENDIX 9

COEFFICIENTS OF TRANSFORMATION FOR THE THIRTY-SEVEN BLOCKS
COVERING THE WHOLE COUNTRY, (NIGERIA).
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BLOCK NO,

1

o= T v I o T = O

L e e N o R

=] = o o

=) (o] o o e

NORTHINGS COEFFICIENTS

.41794616
.00187496
.99928878
.00000289
-00020125

41810942
00184647
199925966
.00000170
00020306

.41812925
.00183322
.99925860
.00000201
.00020406

.41816698
.00182955
.99924527
. 00000091
.00020470

73

EASTINGS COEFFICIENTS

. 35882326
.99926625
.00189183
.00020055
.000007167

35862022
99925677
00184556
00020315

00000153

35858824 |
.99924837
.00183301
.00020428
.00000113

35857478
199924287
.00182422
00020552
00000085



. -

BLOCK NO.
5

NORTHINGS COEFFICIENTS EASTINGS COEFFICIENTS

b0=

4.
0.

41796071
00185411

0.99929226

o D

o o o O &M

.00000330
.00020205

.41806541
.00183799
.99927492
00000280
.00020323

4.41812758 -

L e e e R

.00183176
.99925974
. 00000205
.00020403 :

.41816817
00181858
99925237
.00000224
.00020529

74

%

.35857681
.99927337
.00184257
.00020286
.00000260

.35858618
.99927513
.00184242
.00020298
.00000272

.35855472
99925452
.00182252
.00020487
.00000206

35856353
.99925670
00182854
00020417
.00000185



BLOCK NO.

9

10
16
10

h]]-

'_11 o

n

12

12

NORTHINGS
by = 4
by = 0
by = 0
by = -0
by = 0
b, = 4
by = -0
b, = 1
by = 0
by = -0
by = 4
by = -0
by = 1
by = 0
by = -0
b, = 4
by = -0
b, = 1
by = 0
b, = -0

COEFFICIENTS

.41816532
. 00183041
.99924010
.00000016
.00020580

.44791840
. 00581736
.00577102
.00001744
.00060332

.44768492
.00569933
.00576755
.00001476
.00060861

44752911
.00562479
.00576741
.00001221
.00061260

75

EASTINGS COEFFICIENTS

.35863895
.99919984
.00181792
.00021212
.00000038

.31887339
.00575814
.00583468
. 00060236
.00001720

.31826685
.00577262
00569486
.00060898
.00001487

.31803433
.00577407
.00562369
. 00061296
.00001254



BLOCK NO.
S EIN

s

13
14
w14'
14
15
15
15

16

16

NORTHINGS COEFFICIENTS  EASTINGS COEFFICIENTS
44741931 |
-0.

b

T o o

= W

4

1
0

.-00

00557514

.00577017
.00000959

00061569

44734801
00554428
.00577550
.00000710
.00061770

42521897
.00065083
.00080621
.00000132
.00006667

.42514914
.00061580
00080314
.00000038
.00006811

76

-2

00
-0.
=0

.31789521
.00575949
.00557525
. 00061492
.00000898

31787903
.00576961
.00554375
.00061708
.00000686

.26280095
.00080962
.00061445
.00006819
00000071

.26289549
.00080214

00061361
00006818

.00000026



BLOCK NO.
7

17
17
18
.18
18
19
19
19
20
.20

20

NORTHINGS COEFFICIENTS

4.

-0.

42515184

00061323
.00079984
. 00000001
.00006811 .

.42513846
.00061715
.00080981
.00000070
.00006847

.42512821
.00061222

.a0080927
.00000029
. 00006868

.42510497

.00065197
.00083213
.00000225 -

00006733

77

EASTINGS COEFFICIENTS

.26292423
.00081382
.00061013
.0000689G
. 00000056

.26290724
.00080104
.00061550
.00006795
.00000019

.26294649
.00081890 -

. 00060965
. 00006964
.00000025

.26295247
.00081118
.00062174
.00006793
.00000082



8LOCK NO.
21

21
2

2
22
2
2
23
23

2
24

24

NORTHINGS COEFFICIENTS

4.
-0.
1.
0.
-0.

-0.

1

~0.
-0.

42519612
00063463
00080521
00000101
00006741

.4251?320
.00062615
.00080621
.00000087
.00006786

.42511222
.00060384
.00080148
. 00000046
.00006841

42508394

00059815

00080893

00000080
00006883

78

EASTINGS

ao—

32—
a3
4=

0.

COEFFICIENTS
. 26288298
.00078935
.00062035
.00006745
00000006

26289281
.00078886
.00062512
.00006713
.00000016

26292276
.00081090

00060773

-0.00006886

-0.00000008

1.
0.

_2.26283058

00078042
00061131

= -0,00006651
0.00000018



BLOCK NO.
25

25
25
.226 :
26
27

27

27
28
28

28

NORTHINGS COEFFICIENTS

4.

-0.

1

~0.
-0,

42515622

00065553
00082845

.00006732

.42523354
00065771
.00082272
.00000221
. 00006737

.42517456
.00062431
.00080654

.00000071
.00006802

42509185

00059884

. 00079807

00000071
00006829

.00000203 :

79

EASTINGS
ao= -2
2= 1
a,= 0
aq= -0

27 O
a0= -2
4= 1
.az= 0
33= -0
a4= 0
8,7 -2
ay= 1
= 9
a3= ""0
= 0
a0= -2
a]= 1
ao= 0
33= -0
a4= ‘v'Ov

COEFFICIENTS
26289941
.00079555
.00061967
.00006761
. 00000015

.26286175
.00077835
.00062664
.00006692
.00000014

.26288991
.00080326

.00060627
.00006841
.00000014

.26293322
.000812438
. 00060692
. 00006887

00000003



BLOCK NO.
29

29
23'
30
30'
30
fal
k
32

NORTHINGS COEFFICIENTS EASTINGS COEFFICIENTS

0

b
by
b

2

[=2

o

3
4

e o o

. fan (= o = B

]
0

o o o o =

.38135389
.00415742
.99133485
.00001191

.00047022 .

.38186315
.00416270
99121551
.00000880
.00047341

.38219356

.00413201
.99116464
.00000865

.00047583

.38219670
.00417598
.99107098
.00000493

.00047892

80

-2
0

-0

-00

0
fO

. 17698767

.99131598

.00418788
.00046992

.00001067

17657996
.99120179
.00415387
.00047407
.00000874

17630612
.99114436
.00415297

.00047616

. 00000740

.17604348 |
98109253
00416005
.00047818
.00000600



BLOCK NO.
33

33

33

#
34
35
35

36

NORTHINGS COEFFICIENTS

b

g,
-0.
1.
0.
-0.

4.

46080474
00332000
00831007
00000750
00033544

46028669

.00326030
. 00835480
. 00000699
.00033807

.45968096
.00315724
.00836200
. 00000382
.00034033

.46116263
.0033347¢9
.00826372
.00000685
.00033414

EASTINGS COEFFICIENTS

81

-8,

93075999

.00828642
00328383
.00033564
.000G00608

93063052
.00829706
.00324394
. 00033668
.(00000531

93080035 —
.00837739
.00316025
.00034083
.00000419

.93038349
.00824469
.00325938
.00033511
.00000464



BLOCK NO. NORTHINGS COEFFICIENTS  EASTINGS COEFFICIENTS

37 b0 = 4.46028320 a, = -8.93023274
bl = -0.00323851 ay = 1.00826681
37 b2 = 1.00832943 a, = 0.00319465
b3 = 0.00000573 a; = -0.00033681
37 b, = -0.00033784 a = -0.00000339
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