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Development of an Android Apphcation for Transformaton of Mgeran Frojected
Coordinates from Local to Universal Transverse SMercator

Odumaesa JO., Opalorwa ¥ I and Alsde J.A
Dapartmens gf Surveying and eeingformancs, Federal University of Technology lmma
JosepiodumerEminng. e ng

Abstract \
Thiz paper presemis an Andmdd applicaton for Coondinate Trapsfommation. The developed
Android applicaden called Migena PCS oansforms Wigerian Transverse Mercaior (WITH)
coordinates to Umversal Transwverse Mercator (UTM) coordmates and wice wersa. It can also
convert T coordinare to peographic coordinate, WTM coordnars o geopgraphic coordimare,
geographic coordinate to UTM coordinate and geographic coordinate to M cocrdinate. Five
(¥) mndom ceordinaes were generated on each zooe of the UTH and beli of the WTM w
compars the computatioral accuracy of WNigeria PCS (herein developed) with Bloe marble
geographic caloalator and Franson coordinate tansfommation soffware using the Stadsnf’s i-test
for independent samples and ope-way ANOVA at 20% copfidence mterval oo 5P5S versiom 12
The resulis afier the statistical apalysis show that thers s o significant diference betwesn
MWigeria PCS, Blue marble geographic calonlabor apd Framson coordinats transformation
sopfiware. Migeria PCS can be installed on an Androdd phooe with a mimimvom of Andreid 4.0.3
Ice Scream Sandwich operating system.

Q{ﬂmrds: Android phomes, Map prajection, UTM and NTA, Coordimme Irangformaton,
5

tarmical fest

1.0 Introduction

Cime of the mwost important elecmenic zadzets o people today is the computer. This is becausa of
iis capabilify #o record, store, process, analyse, guary, reimeve and display information within a
short tme with the help of installed applicaton software [1]. Ao application soffwmre iz a
sofiware that & designed to allow wsers of the compuater o perform specific tasks that sobres
problems m the real warld

Dievelopment I compuaber hardware and software has led o the development of mobile and
android phones (smart phones] and software than mon them. Android phones, unliks the classic
mobils phopes are built o perform compuier-liks fimcoons. Therefore, they are regarded as)
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compaiers with mited fearmres [3]. Andreid phones unlike thesr compuier counterparts, have a
unigue property of always being on kand, a near compamion to their nsers, This unique propery
offers a nowel in computation soffware programming. Cerfam tasks that were handled by the
Compaber are now moorporaed mee android phones thereby, relieving the stress of zeing about
with a persemal compuier always.

Thiz paper thersfors sesks to fake advamtage of the Android phone techoology for the
mansformaiion of WM coordinates o UTM coordinates adepims the Gensral Case Transverse
Mercator Transformation formuolas published by Enropean Petroleum Survey Group [2).

Nizeria Tramsverse Mercator (WTAL)

NWizeria Trapsverse Mercator has besn inuse in MNizena smee 19236, NTM was adopted as a result
of a decision to coordinate the whole of Afica to prodoce maps and surveys would be eazily
assembled to form the Map of Africa [7]. Migera s divided iofo three belts m the WTM system:
WTM West, WTM Mid and NTM East Bali. The reference ellipsoid chosen for Migena was
Clarke 1580 ellipsedd with the following paranmeters:

semi-major a%is () = §378240 145m eI -mimar a%is (B) = §356514.900m
flatening of the ellipsoid (f) = 293 445m
Adoption of Universal Transverse Mercator (ITTM) in MNigeria

In 1875, the Federal Government of Migena inivoduced the UTM for surveying and mapping to
replace the existing WTM =0 as to conform with the worldwids plane coordinates system which
was sugzested by the United States of Amenica Amoy Corps of Engineers i 1944 [3]. Migema is
coversd by three Nortbem Hemdsphere zones of the UTM. UTM zone 31, UTM zone 32 and
UTHM zone 33.

1.0 Methodology
Identification of Alap Projection Parameters
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Al Transverze Mercator Projections are defined by these parameters: Latituds of nanral erign,
Longitade of nahural arigin, Scale factor at manmal origing ceniral meridian, False Marthing and
False Easting [4]. The Migema Trmsverse Mercator and Universal Tramsverse Mercator of
Wizeria are defined by the projecton paramesters shown in Table 1.

Table 1 Projection parameders for Migerta NI and TTTM

LATITUDE SCALE
PR == OF CENTRAL | FACTOROF FALSE FALSE
COORDDMATE D4 N - '-.-:anm_n.'_ EASTING | NORTHING
MIGERIA BELT | ° MELL - () -
OBRTGIN ORIGH
U™ ) N o {0 o 500,000 0000
kK 17E
WEST 430 230738207
NTM MID N =30 (.99575 £705%3 984 0000
5T 130" 1110348 761

Transformation of Coordimates from UTAL to NTAL and Vice Versa

Coordizate tremsformaton is the process of establishing a mlatonship betawean coendinats sysmms in
crdar to comvert poimts frops oz coordinate syubemy bo their equivalent peosdtion in ancther coordinate
systmm [5]. Methods of mnsformation of projecied coordinates cen gemerally be grouped as dimect and
mdirect mathods. The diect mwihod imvolves the nse of that contains the cosfficients of polynomdals as
wwad by Arnola [1] for tensfmmatieon of NTA coordinaies to UTM coondinsdes and vice wersa. The
mdirect method invelves the syutumatic comversicn from a prd coordinat fo an viermediste gecgraphic
coordinate and then to amcther grid coordinate 2a illnstrated in Figure 1. & I Figume 1 repreceats
geocenitic allipscid and I. reprecends Jocal ellipsoid. The ndirect method is easier o programms indo
comyproter sofraare; therefore, it was adopted mn thiz paper and FPEG general case Transwurse Mancator
tansforration formeala wes synchrosdzed with this methed
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WM GRITY GEODETIC LT GRID
COHMRINNATES COORINNATES COORDINATES
[EMls cra N 9. Wgare I (EMlc ert

Figare 1 Coowersion of MTM to UTTM ar Vice Versa (Source: Coo[6])

The EPSE geosral case Trazsverse Mercator transformation fommula is presented in case 1 (Cozvemion of
Grid Coordizates to Latimds and Longimde) and case I {Converston of Latiude and Longstmde to Grd
Coordizabes].

Caze 1: Conversien of Grid Coordinates to Latitnde and Lozgitade
Latitude, p=p,-(v,mng, /p, NDF 2-{5+3T +10C, 4C7 -0’ 1D 24+{61+90T +208C,

+45T2-252e" - 301D 1720) m

Lomzimde, ) =, HD-{14+2T,+C, D" (6+{5-2C +28T 307 +8e +MTIDF 1Moz, (2
Caze 1: Conversien of Latitede and Longitade b Grid Coordinates
Easting, E=FE+k wA{1-T+OAN6+{5-18T+T*+72C-58" 1A% 1120) )
Morthing. N =FRHEL, (MM, +viang(A* 2+{5- T+ICHCT A M

+{61+ 58T+ T + 600 C—-330e") A%/ T20)) )

Whersz FE = Fake Eastingz

FHN = False Northings
Zone of Universal Transverse XMercator

Z = ({3, W) 5]
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Whers A, = initial longitede Jonzirnde of onizin)
W=width of the lonzitnde
Computer Aleorithm for Identificaton of the belf of Nigeria Transverse Mercator

This research desipned an alzoothm for the identification of 2TM belts. The compuiation
approach is as summmarized by the algomtho below:

WTM Belt = imt{{{3-2 5)4) + 1)
If (belt = 1) {"NTM West™)
edseif (belt =) {"NTM Mid"}
else {“NTM East}

The applicaton displays an emmer message if <15 apd 3>14.5 (Wigeria longiudmal boundary)
Android Applhcation Development

For the purpese of this paper, the android application that was developed was named Nigerian
Projection Cocrdinates System Toolkit (Wigeria PCS). Androld smdie 3.0.1 was usad to design
the graphic wser inferface, wmbe the java codes that implement the GUI and also baid the
android applcation which can then be installed on amy Andredd device with a mniomm of
Android 403 Ice cream sandwich operating system (05). Andreéd Stadie combines Extended
Madk-up lanzuage (XML) and java progamming to boild an Android application.

3.0 Drata Acguisifion

Diata for testing the application were acquired by genemims modom coordmates oo the UTHM
ZOWE 31, 32, 33 and WMTM West, Mid and East BELT using MATLAB. Five (5) random
coordinates wers gensrated on sach Zope of the UUTM and Belt of the WTM. Table 2 shows the
list of WTM coordinates pensrated on WEST, MID and EAST belf of Nigeria. Tahle 3 shows the
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list of UTM coordinatss penerated on UTH zons 31, UTM zene 32, and UTM zone 33. Figures
1 shows the spatal distibuiton of the generated WTM coordinates on the map of Nigena and
Figuare 3 shows the spatial distribution of the generated UTM coordinacss oo the map of Wigeria,

Ceperation of BEandom Coordinate on MATLAE

The formnla for senerating a specified st random pumbers within a given range in MATLAR is
stated below:

r={b—a) *rand (3 1)+a
where a = lower limit b= upper limit
Sethng the Upper and the Lower Limif for each belt of NTAM and Tone of TTAL
Each belt of the WTM and rone of the UTM have a specified decimal deprees boundary in
longitades and Nigeria has a specified boundary in latitade. 1° of an arc is approximately 11 1km,
that is, 111.000m. The upper limit of latinede of WTM and UTM are defined by the maxinvm
latttode boumdary of Nigeria and the lower limit of latitude was defined by the minmum latihade
boundary of Wigeria copverssd to metres. The upper linvt of longitsde of NTM and UTHM are
defined by the maxinmm longitads boundary of each zope or belt and the lower limit of
loomimade was defined by the minimum lengitnds of each zeoe or belt converied to meires.

Table 2: Generated NTM Coordinates (Random coordinate from MATLAB)

NI WEST T BT NIMEAST
TiH1L.621 34588627 EIZL04.002 21304 500 ThCed. 380 SI3B4E 204
ELAE R 13411 30 BX1250. 748 BTS00 0463 35050780 1073632 BB
Sabal W PN NNE O It ST N B I sty | IElRd 0
1053391 553 4EETH604 THET] i G150 T 51140428 124007 1589
i) [ ey A0 T ] BlE s L LR 5 I 3 8 4 4]

|
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Table 3: Generated UTM Coordinates (Random coordinate from MATLARB)

UTM ZONE 31 UM ZONE 32 UIMZONE 33
S83473.967 551296.745 927041 499 456921.072 1352946917 | 434543383
935112.831 T06856.306 554830323 8043;390& 1210636388 | 321657041
1157068472 696232155 1288487165 | 3956068.46+ 793427 865 206529 680
el 53 (S 0T AE. T R i 7571 TS 03T | [FORGS I8 | IR
1276337915 420895.185 648902382 316537.741 380570.599 2 257

™™ rth‘l " (‘f'J. ] 'f"
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e +
- oy e ol
. - - . Lo
°
- LA SRR G0
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Fizure 2: Spanal distribution of acquired NTM coordinates
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Figure 3: Spatal distnbution of acquired UTM coordmates
4.0 Results

The acquired UTM coordinates and NTM coordinates where transformed to NTM and UTM
respectively with Nigeria PCS, Blue marble geographic calculator and Franson coordinate
mansformation software. The discrepancies between the results obtained Som the three software
was first analysed. The studemt’s T-test for independent samples and one-way analysis of
vanance (Ope-way ANOVA) statistical test was used to compars the means of the results
(Northing and Easting coordinate). This amalysis was done using the Intermational Business
Machine Statistical Package for Social Sciences version 22 (IBM SPSS 22). Table 4 shows the
comparnizon of result from Nigena PCS with Franson coordinate ransformation software (INTM
to UTM). Table 5 shows the companison of result from Nigeria PCS with Franson coordinate
transformation software (UTM to NTM). Table 6 shows the companson of result from Nigeria
PCS with Bue marble geozraphic calculator (NTM to UTM). Table 7 shows the companison of
result from Nigena PCS with Blue marble geographic calculator (NTM to UTM).
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Table 4: Comparison of Result from Nigeria PCS with Franson (FTM to TUTA)

dermeraicd Coordinedes Blgerta PCS (TTHE Franssa i LTH) Ersslusl

Bick
furthizg Faiing lrleng Eu!l.‘l:' ik g Fasiznig [“arhing |Essting
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Table 5: Comparison of Fesult fom Nigena BCS with Franson (TTTM to HTA)

. Crrmrraicd Corrdineies Migeria PCS (NTH) Fransen (T4 Resideal
Marthing Fastizg Merthing Fastizg frhizg Fasdizg kxileng |[Faslng
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Fesults from 5P55 anabysis of transformation data is presented in the following tables. Tahle 8
showrs the Smdent’s T-fest for independent samples on comparsson of Migeria PCS with Bloe
marble geographic caloolater. Table @ shows the Smedent’s T-test for independent samples en
comparizon of Nigera PCS with Franson coordinate transformation software. Table 10 shows
the Ope-Way ANOVA on comparison of the transformation result from Wigeria PCS, Blue
marble geopraphic caloulator and Frapson coordinate fansfommation software.

Table &: Shadent’s T-test oo Comparizon of Migeria BCS with Bhe Mable
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Table 9: Shadent’s T-test on Companizon of Nigenia PCS with Franson
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£.0 Dizcnssion of Resnlis

For the stademi’s T-test for independent samples in Table 8 and Table ¥ oo compamsom of
Migeria PCS with Blus marble geographic caloulator and Fransoo codrdipats iransformation
sofiware when mansformins UTH coordmartes to WTM coordimates and vice versa, the rationale
of testng is:

Tl hypothesis: H, = g, = u,
Alrernative by i Hy: o= Wy
Level of significance @ = 0,01

The poll hypothesis s@ies that, there is oo significant difference between the means of the resalt
obiainad from the fwo sofiware

From Table &, the compuied significant 2-tailed value is 1.000 which is greater than the testng
level of sipmificance 0001, we therefore, reject the altermative hnpethesiz at 909 confidsnce
mterval, ie we uphald the mull hypothesis that there is oo significant difference between the
mean of the result obined fom Nigeria PCS apd Blue marble geographic caloolator ab 90%
confidence mierval

From Table 9, the compuied significant 2-tailed vahue is 1.000 which is greater than the testng
lewel of sigmificance 0.01, we again reject the altermaiive hypothesis at #9% confidence inferval,
that is, tbere is oo significant difference between the mean of the resuli obfamed Som Nizema
PCS and Frapson coorndinaie Tansformation sofiware at 99%: confidence intsmval.

The Coe-Way ANOVA was used to compare the means of the three software togsther in Table
10 This & just to bofiress the siudent’s t-fest for Independsnt samples analysis in Table £ and
Table 9. The rattonale for this test -

Tull hypothesis: Hy = g = u, = o

Alrernative by i Hy: o= & 2
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Lavel of significance o = 0.01

The null bypothesis sied above means that, there is no significant difference betwesn the means
of the result obiained fom ransformation with Wigera PCS, Blue marble geogmaphic calowlator
and Franson coordinats transfarmation at 999 confidence interval.

From Table 10, the compared sinificant level value &5 1.000 which is gyeater than the testing
lewel of sippificance 001, we therefore, reject the altermative hypethesis at 99%: confidence
mnferval, that is, thers is no sigmificant difference betwesn the mean of the result obtainsd from
MWigena PCS, Blue marble geographic caloulabor and Franson coordinate tmnsformation soffware
at 849% confidence mierval

Figure 4 chows the user interface of Migerna PCS during compuatation. (3) shows ransformaton
for UTHM o WTM cocrdimates, (k) shows fransformation from WTM to UTM coordinates.

&.0 Conclusion

Thiz stody has been able w develop an android application for Migena projected coordinate
system fransformaton pamed Nigera PCS. This offers a unsque advantage over the deskiop
counferpart, smce android phopes are always on-hand and are near compamion fo their wsers.
Alzp, the compuater seffware that wers used for comparison require the sslsction of mput
coordinare system and eoufpul coordinase system zome or beli when mmsforming UTM
coordinares to WM coordinabes and vice wersa. Wigeria PCS anly reguires the selection of input
coordinate system and it aufomatically identifies and displays the comesponding zone or beli of
the ouput coordinate bazed on the overlap and imtersection of the UTM and NTM coordinate
system n the geoeraphic coordinate system The algorithm for this capability was developed in
thiz snady. This capability will improve the acoumcy of oufpor even as the knowledee of the
WTH belts are decreasing and Tansformaton of WM cocrdinate to UTM coordinate system 5
sill a ourrent and requming problam.
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Figure (4a): Screen shot of the Nigema PCS for ransforming NTM to UTM coordinates

LR o

28 1)

Figure (40): Screen shot of the Nigeria PCS for ransforming UTM to NTM coordinates
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