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ABSTRACT

Controls arecoordinatedhorizontal or vertical positional data for land andeographicinforma-
tion systems forming a framework to which surveys aterted, referenced and adjusted. Con-
trols on KNUST campus were established over three decadesveith new ones being added as
and when they arerequired. Conventional survey methods likeilateration, triangulation
and traversing were used and arstill being used for densification of controls. These apgches
involve the use of low precision instruments suchanalogue/opticaltheodolites and leveling
equipment. Since the establishment of these corgrdlhey havenot been investigated but
they are being used forproject development. A modaethod that usesatelite position-
ing techniques such as GPS is currently aperationand has numerous advantages the es-
tablishment of control networks. GPS control sungeywerecarried-out on seven controls and
ellipsoidal coordinateswere obtained in the World Geodetic System 84 wfiee frame.The
Cartesian coordinateswere projected onto the UniversdransverseMercator frame. A two
dimensional conformakransformation was done using existing KNUST boundary coordinates
to Ghana Nationalcoordinatesbased on the War Office ellipsoid. Precise Levelitinoes were
carried out on the seven controls for thmmputationsof orthometric heights. The method of
least squaresdjustment root mean squarerrors (RMSE) gandard errors (SE) and residuals
derived were used to analyse the differences inihamtal psitions and heights of the controls.
The linear displacemenbetwesn the computedand the existingcoordinateswere within the
range of 0.015m to 0.014nThe RMSE were 0.048 and 0.106, whiles the SE were 8l€ib57and
0.125 for the northings and eastings respectivélyne computed and existing heights differed
between -0.075m and -0.004m with a mean downwardreneent of 0.011m.

K eywords. Surveying, coordinates, control points, GPS, precise level

INTRODUCTION other surveys are referenced aratjusted.
Controls arecoordinatedchorizontal or vertical They form the basis or reference points for
position data forming a framework to whichstarting all kinds of surwey projects. They
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also give locations of data for land and geoare also defined with reference to a local geoid
graphic information systems. The accuracy ofmodel. For high accuraagquirementsthree
survey works depends on tséability of the dimensional position coordinategre always
controls used, theastruments andhethodolo- taken intoconsideratiorwith the geodetitati-
gies employed in executing the task, thdudeand longitude referenced to the ellipsoid
mathematicamodels used for dataanipula- and the elevation to a local geoid. The geoid is
tion, the reference surfaces as well as the coothe most important reference surface for
dinate systems (Uren and Price, 2010). height meaurements. It is a level surface with

a constam potential energy that coincides
Controls on KNUST campus were establisheavith mean sea l&l (MSL) over the oceans.
as far back as1949 with conventional surveyrhe idealdatum thatbed approximateghe
methals like trilateration, triangulatiorand MSL and used foall height establishments is
traversing.These same methods are being usetthe geoid (Evanet al., 2002).
currentlyto control densification. Surveysar-
ried out using these conventional techniquesThe ellipsoids serve as a geometric reference
are done with low precisiomstrumentssuch frame for horizontal coordinates of various
as analogue/optical theodolite and level nationalgeadetic networks. While it is neces-
equipment.Since the control pointa/ere es- sary to make observations antkasurements
tablished, their stabilities have not beerin- on or near thghysical surface of the earth, it
vestigatedeven though they are used for pro-would be quite impossible to perform detailed
jects developmeh Modern methods for es- and extensivecomputations ona surface
tablishing and densifying control networks us-whose definition requires sevegaarameters.
ing satellite techniques such as satelliteal- Since the sphere cannot be usedcmmputa-
timetersand global navigation satellite sys-tions, an ellipsoid of revolution is chosen as
tems (GNSS) are in operation and tregipli- the bestmathematicalmodel of the earth.
cation isexpanding beyond positioning. The The inability of the shape of the ellipsoid to
use of these techniques gives resthstare fit the earth perfectly has resulted in the use of
faster, easier, less expensive and with higtdifferent ellipsoids in different countries.
accuracies and precisioffoku-Gyamfiand These differ in size, shape amtientation
Hein, 2006).This GNSSgivesaccuratelythe depending on where it is beingsed (Smith,
three dimensional (3D) positioflatitude, 1997; Jackson, 1980).
longitude and ellipsoidal heights) co-ordinates
of a station and system operations are free frorihe reference frame for GPS positioning is the
weather conditions. In order f@urweyors to  World Geodetic System of 1984 (WGS84).
attain high qualityoutputfor clients, it is nec- WGS84 isa three dimensional(3D) reference
essarythatall works are done with a certain framecoordinatedn earthcentred-earttixed
high degree of precision and accuracy. TheX, Y, Z or inlatitude ¢, longitudex and ellip-
basic principle of survey requirethat all soidal heights H.Parametersused to define
works be done from whole to part and thisthis ellipsoid are theemi-majoraxis, (a), semi
practically leads to the use of survey controlsminor, (b) and the flattening(f). Fig. 1.
for every work (BarlieandLefebvre, 2001).

Mathematically,
Horizontal controls are coordinates with precise
latitudesand longitudes o$tationsoverlarge
areasThese are geodetic cectangular coor- f= 1- _ and the first numerical eccentricity, e
dinates. Thesetypes of controls are defined e
with resped to an ellipsoid of revolution. Ver- is defined in Torge and Muller (2012) as
tical controls are th@rthometric heights and
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2 2 . .
= a-f measuredrom the geoid along the plumb line
52 to the point on the earth surface. Ellipsoidal

height (H) is also the distance from thefer-
Orthometric heights are physical heights ence ellipsoid to the point measured along the

needed mainly for most engineering astther line which is normato the ellipsoid (Merry,
survey projects. Therthometricheight (h) of  2003). Ellipsoidal heights obtaineffom GPS
a point on theEarth'ssurface is the distance positioning aretransformedto orthomet-
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. height(h)

Ellipsoid Height
H
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semi-major axis

Equatorial
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Ellipsoid height (H) is measured from ellipsoid
along perpendicular passing through point, \

Gravity-related height (h) is measured along
direction of gravity from vertical datum at geoid.

Geoid height (N) = height of geoid above ellipsoid,
H=h+N
(a) The ellipsoidKnippers,2009)

(b) Relationship between the ellipsoid and geoid
Fig. 1: Models of the Earth

(a) Geo centric coordinate systéix,Y,Z)

(b) Geodetic coordinate systemAgH)

Fig. 2: Ellipsoidal reference coordinate systems (Knippers, 2009)
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ric heightsbefore usage. Problems normallyAdjustmentsin surveying are done for quality
associated with these conversions are erirors control of measurementsand allows for the
the geoid ellipsoiceparationwhich translate applicationof necessary corrections to get the
fully into orthometric height errors. In order measurements righ within specifications.
to achieve high accuracy of control coordinated his makes itmportart for redundant meas-
one requires the use of well-defineabrdinate urementsto be taken on the field, so as to de-
systems (Figs. 2a and b). The specific coorditect gross errors and increaldee precision of
nate systems used are the geographic coordhe computed unknowns. Again, it helps in the
nates ina 2D or 3D space and the geocentricestimationof standarddeviations of the ob-
coordinates (30Cartesian coordinates). servations and the unknownestthe Mathe-
matical and Stochastic models and compute
Planar coordinates whig are in the form of- thereliability of the system (Ghilani, 2010).
Cartesianand polar are also used to locate
objects on maps in a 2D spadéesecoordi- M ATERIALSAND METHODS
nate systems are with reference to the ellipsoigthe study was carried out on seven control
and not the earthCoordinatesare normally  points on KNUST campus. These were
transformedrom either X Y, Zto ¢, AHor KNUST/TP1 (base station), KNUST/
vice versa. The conversion models as defined itps, SGA/P130/13/2  (Administration
Torgeand Miller (2012), Hofmann-Wellenh of royndabout) SGAP130/13/1 (oposite Main
and Moritz (2006) and Seeber (2003) are agiprary), SGA/P130/13/3Unity Hall round-

follows: about), SGA/P130/13/1PKNUST Printing
Press roundabout), SGA/P130/13/1and

X = (& +H)cos ¢ cos A (1) KNUST/TP6A.

Y =(f+H)cos ¢ sin A (2) The materials used were, Sokkia Radian IS@
Geodetic GPS (a base and a rover receivers)

7= (1—e2) i +H)sin ¢ (3) and accessories, digital level with barcolde,

Target Geomatics Office software package,
versionl,tapestop watch and existing hori-

N is the radius o€urvaturein the primeverti- ;a1 and vertical coordinates from Geomatic

cal: EngineeringDepartment. Thanethod ap-
plied was the static differential GPS tech-

o+ & niques as defined iWSACE-Editors(2003).
Ji-gtsin? @ J1-f(2-f)dn? g The traverse began with the setting up of a

GPS receiver okKkNUST/TP1 as the base
The inverse computation is given by these exstation and allother controls as rovers. The
pressions: observationsessions lasted for a period of
twenty (20) minutes. Thenstrumert height
= was measured and recorded at evtigtion.
H=t2 5§ (4) The startand end timedor every session
co were logged in addition tinstrumen serial
numbers. The traverse was closed on

0= pretan z {l r w :I-l (5) KNUST/TP6A. Two data sets of readings
- YUETrvi v T MaH were captured.The precise leveling was also
carried out in fouphasesThe first phase was

v between control pointSGA/P130/13/12nd

A =arctan o (6) SGA/P130/13/13The secondvas SGA/
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P130/13/2and SGA/P130/13/1.The third- computed coordinates weeterminedand
phase was SGA/P130/13/2 and SGA/ their Root Mean Square Errors (RMSBftan-
P130/13/3 and the fourth was betweendard Errors (SE) and Radidbisplacements
KNUST/TP1andKNUST/TP6. were determined.An excel programme was

| DIAGRAM OF SURVEY ‘

SGA/P/130/153/12

SGA/P130/13/3

SGA/P130/132
——

| KNUST TP1

\ | KNUST TP6 |
| KNUST TP6A |

Fig. 3: Diagram of survey

Data reduction and statistical analysis customized using the precise level formula to
The logged GPS data were processed using tiiempute theorthometric heights for the con-
Hi-Target Geomatics Office softwargHi- trol points. The method of least squaaekust-
Target, 2014).The geographic(horizontal) mernt (refer Ghilani, 2010: 211) was used to
coordinates obtained in the WGS 84 were proanalyse the processed results from which cor-
jected to theUniversal TransverseMercator rections (), most probable values (mpv) and
(UTM). From the UTMcoordinates,two di- SE were determined. Statistical analyses
mensional (2D) conformadrojectionwas done were conducted foestimatedtrue values at
using existing KNUSTboundarycoordinates 95% confidence level for theorthametric

by converting the ellipsoidal coordinateée heights. The checks oastimatedtrue values
National coordinates (refer Acheampongwere obtained from:

2008). Baselines were then computed from the

natural coordinates fortwo sections of the A _Eu...a A +Eosy, Where A,is the mean of
traverse and their averages wetetermined. opservatiofobservedheight anda is theob-

Vectors were also_>eractedand used for loop servation/observedheight before adjust-
closure computations.The sum of the loop merts.

closure was equal to zewand therefore least

squareadjustmen could not be appliedin-  where A,is the mean observation/observed
steadthe differences between tegistingand  hejght and a is the observation/observed height
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before adjustments. residualsare computed to determitige prob-
ability of true value ofmeasuredquantities
RESULTSAND DISCUSSION lying within a certain range for the reliability
The existing coordinates of the seven controbf estimatedtrue values. Since thetandard
points used in the study were established ierrors are relatively smadls compared to their
1989. They were resurveyed and renamed incorrespondingquantities, it can be inferred
2013. Table 1 gives details of the controffrom the 95% confidence levéhat the ad-
points. justed measurementg within the range of
their true values and can thereforedneepted.
The results of the means of theocessed coor-
dinates in UTM weretransformedinto the The results in Table 3 clearly indicates shifts in
Ghana National mapping framework using 2Dall control stationswith the maximumdis-
conformal transformation parameterand placemen in the Northing direction being
presented in Table 2. 0.121 and the Easting direction being
0.127. In combining botheastingand northing
According to Uren and Price (2010), since truenovements, the lineadisplacemets of the
values are rarely knowrstandarderrors and various horizontal coordinates are shown in

Table 1: Existing coordinates of controls on KNUST

Coordinates Heights
Pillar ID Northings (Ne) Eastings (E€) H Location on Campus
KNUST/TP1 221746.252  211793.243  262.690 Beside Social Science Block
KNUST/TP6 221658.988 211813.558 263.725 Behind old "N'block
SGA/P130/13/1 221778.027 211035.196 261.379 Opposite KNUSTibrary
SGA/P130/13/2 221776.863 211182.024  248.956 Administration Roundalt
SGA/P130/13/3 222160.429 211179.571 252.335 UnityRoundabout
SGA/P130/13/12 222520.887 210641.280 274.904 Printing Presundatout
SGA/P130/13/13 222588.306 210508.666 274.773 Bomsdroundabout

Source: Survey Unit, Geomatic Engineering Department, KNUST

Table 2: Results of processed coordinatesin UTM and transformed Ghana coordinates

UTM Transformed Coordinates
Pillar 1D Northings (Nu) Eastings (Eu) Northings (Nt) Eastings (Et)
KNUST/TP1 738036.462 658582.178 221746.230 211793.352
KNUST/TP6 737949.296 658602.576 221658.992 211813.398
SGA/P130/13/1 738065.200 657823.963 221778.012 211035.337
SGA/P130/13/2 738064.520 657970.601 221776.742 211181.956
SGA/P130/13/3 738448.231 657966.802 222160.426 211179.698
SGA/P130/13/12 738806.592 657426.899 222520.917 210641.294
SGA/P130/13/13 738873.451 657294.002 222588.303 210508.681
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column 4 of table 3. The maximundisplace- niques. Four of the controls were linearly dis-
mert is 0.160m with the least bein®.015m placed towards North-West, whiles the remain-
with four out of the seven controls shifting ining two, one shifted in the South-Eastern and
the North-Westerndirection. The RMSE and the other in the South-Western direction.
SE are also shown with the Eastinggmpo-
nent recording greater shifts. Théisplace- Analysisof orthometric heights
mentsin the coordinatescould beattributed The meamorthometricheight differences ob-
to several factors such @&sstrumental, envi- tained from the precise levelling operation
ronmentaland techniques useaturing meas- were computed and presented in Table 4. The
urement.Satellite position applica- differences in height between
tions are of better accuracies thdmatof the control points are pre-
the optical instrument because errors in theented in Fig.4.UsinkKNUST/TP1
horizontal circle graduation, focusing and bi-as the known station anconstrained inthe
section of targets are not encounteredleast-squares adjustments, observatqna-
tions were formed and shown in equation 7.
The techniques employed in the establishment
of the Controls years ago were quite differenThe orthometric height for KNUST/
from today where application of modern tech-TPIfrom the Departmental Archives was
nologies make data collection, processing andsed in conjunctiorwith mean height differ-
management easy. Most importantly GPS ofences to compute the 'provisional heights' for
fers numerous redundant observations for ththe controlstations.
application of least squares minimization tech-

Table 3: Differences between existing and computed horizontal coordinates

Linear

Pillar 1D GN=Ne —Nt GE=Ee-Et  Displacement (m) Direction
KNUST/TP1 0.02 -0.109 0.111 North-West
KNUST/TP6 -0.004 0.160 0.160 South-East
SGA/P130/13/1 0.01 -0.141 0.141 North-West
SGA/P130/13/2 0.12 0.068 0.138 North-East
SGA/P130/13/3 0.00 -0.127 0.127 North-West
SGA/P130/13/12 -0.030 -0.014 0.033 South-Vést
SGA/P130/13/13 0.00 -0.015 0.015 North-West

RMSE=0.048and 0.106 for Northings and Eastings directions respectively.
Standard Errors (SE) in Northings, SEn=0.057and Eastings, SEe=0.125
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Table 4: Differencesin elevation between successive controls stations using Precise Levelling
approach

Levd line 0H, 0H, FH; M ean height differences
KNUST/TP1:P130/13/2 -14.204 -14.202 14.203 -14.203
P130/13/2P13043/3 4.370 4.373 4.373 4.373
P130/13/3P13043/12 21.819 21.823 21.821 21.821
P130/13/12P13013/13 0.137 0.136 0.135 0.135
P130/13/13P13013/1 -13.150 -13.155 -13.154 -13.153
P130/13/31KNUST/TP6 2.075 2.074 2.074 2.074
KNUST/TP6KNUST/TP1 -1.034 -1.032 -1.033 -1.033
sSGA/RPLEY13
-13.153 ,,/"/J \ 0.135
— \
— \
sGAPH ﬁfﬁsemw%"nz
f/ /
/ /21.821
) // . sGAaPK2 /{
/_/ e —— IBoAP/3
2074 /
3
/ |
/ -14.203
."//
/
/
J
ﬂ
-1.033
TP6 TP1

Fig. 4: Diagram of survey showing differencesin heights between control points

F&'HTP]_: - 14203"’\4

Hy—H2 =4.3724+v2
HI2—H3 =21.821+V3
HI3—HI2 =0.135+Vv4 7)
HI-HI3 =-13.153+V5
HTP6—HI =2.074+Vv6
HTPI-HTP6 =-1.033+Vv7
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As shown in Ghilani (2010), using least squareFhese differences indicate a mean downward
adjustmen technigues and the matmotation movemen of 0.011m in the five cdnol

for systems of observation equations (i.e. pointsthatwere affected.

AX=L+YV), and re-arranging Equation/

these matrices weextracted: There was no correlation in the shifts obtained
SGA/P130/13/2 1000m 248.487
SGA/P130/13/3 -1 100 4.372
SGA/P130/13/12 0-11000 21.821
[X]= SGA/P130/13/13 ,[A]= 0 0 -1 D O [L]= 0.135
SGA/P130/13/1 000 -1 -13.153
KNUST/ TP6 000O0-11 .024
0 00O0 O0O-1 -26372
Solving forX in the equationX=(ATA)—1 for both the horizontalnd vertical controls.

(ATL), the final adjusted heights of the con-The greatestmovemert that occurred in
trols and their corresponding values from surSGA/P130/13could beattributed toactivi-

vey records are shown in Table 5. ties around the pillar

Results in Table 5 showthatapart from con- CONCLUSION _ o

trol point KNUST/TP6, there wereheigit ~The study has _r_evealethat investigations
differencesbetween the archives anddjusted done on thestability of controls on KNUST-
heights for the remaining control points. All theC@mpususingmodernequipmet andcompu-
values indicateé onward maemert of the con- tationaltechniques clearly shows that all pillars
trols, with thegreatestdownward meemant have shifted eithehorizortally and/or verti-

of 0.075minSGA/P130/13whiles the small- cally. From the study, movements in the hori-
est depression of 0.004m wasSGA/P130/2. zontal plane showed maximumear displace-
The remaining controlsSGA/P130/1, SGA/ Mert of 0.160m with the least being 0.015m.
P130/2ndSGA/P130/12 encounteretbwn- 1he RMSE and SE in the Eastimdjrection

ward movements of 0.063m, 0.048m andvere 0.106m and 0.125m respectively whiles
0.073m respectively. that for the Northing were also 0.048m and

0.075mrespectively.

Table 5: Heights of controls from ar chives and computed from precise leveling oper ation

Archive Heights Adjusted Heights (Ad-Ar)
Pillar 1D (Ar) (Ad)

KNUST/TP6 263.725 263.725 0.000
SGA/P130/13/1 261.716 261.653 -0.063
SGA/P130/13/2 248.489 248.485 -0.004
SGA/P130/13/3 252.903 252.855 -0.048
SGA/P130/13/12 274.747 274.674 -0.073
SGA/P130/13/13 274.883 274.808 -0.075
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RMSE and SE in the Eastingjrection were tions: Spatial data analysis. John Wiley &
0.106m and 0.125m respectively whildsat Sons, Hobo&n,New Jersey.

for the Northing were also 0.048m and 0.075m

respectively. In the vertical plane, all the con-Hi-Target (2014). H-target geomatics office
trols encounterechegative mgemern or set- Version 1.0Hi-Target Survey Instrumerts
tlements exce KNUST/TP6that was stable. Company Ltd Accessed from http://
The downward movements were between www.hi-target.com.cn/. on 30May,
0.004m to 0.750mwith a mean downward 2014.

movemert of 0.011m. In view of this finding,

there is the need for alemainingcontrols on Hofmann-Wellenhof, B. and Moritz, H.
campus and else where to ingestigatedwith (2006). Physical geodesy. Springer Science &
modern technology so as to avgdsitioning BusinessMedia. Wien.

errors in our plans and also prevent vertical

errors from deformation measurement. Jackson, J. E. (1980). Sphere, spheroid and pro-
jections for surveyors. Granada Publishing
In the vertical plane, all the contro&ncoun- Ltd, London

tered negative megemen or settlements ex-

ceptKNUST/TP6that was stable. The down- Knippers, R. (2009). Geometric aspects of
ward movements were between 0.004m to mapping.International Institutefor Geo-
0.750m,with a mean downward nvemert of Information Science and Eart®bservation,
0.011m. In view of this finding, there is the Enschede, Nederland. Accessed frhttp://
need for allremainingcontrols on campus and kartoweb.itc.nl/gemetricson 21/08/15.
elsewhere to bmvestigatedvith modern tech-

nology so as to avoigositioningerrors in our Merry, C. L. (2003). The African geoid project
plans and also prevent vertical errors from de- and its relevance to the unification of African

formation measurement. vertical reference rames. In Proceedings of
the 2nd FIG RegionalConferene Mar-
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