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ABSTRACT

Leveling is fundamental to the profession of surveying, Civil Engineering, and
other related professions. It is therefore imperative that the type of instrument
used to obtain data to determine the height of point either relative or absolute
for decision making are carefully selected and used interchangeably if need be.
The aim of thiswork therefore is to compare height differences obtained from
three different leveling instrumentsin other to advice on the choice of instrument
base on cost, accuracy and whether the instrument can be used interchangeably.
Temporary bench marks were established at a distance of 150m interval and
leveling operation was carried out with the instrument setup mid-way (125m)
between the forward and backwar d observation. The data obtained werereduced
using the height of instrument method and statistical analysis using the F-
distribution and ANOVA was used to analyze the data at 5% significant level.
Result from the analysis shows that at 5% significant level there is no difference
in the performance of the three instruments; therefore the instrument can be used
interchangeably without any effect in cost and accuracy.
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INTRODUCTION

Leveingisoneof themost widedy usetechniquesinvolved inthedetermination of differences
in heightsof ground pointsrelativeto areferencedatum. Itisabasic operationin surveying
and data obtain can be used for the designing of roads, canals, sewers, bridges, and other
facilitieshaving grad linethat best suit existing topography, ca culatevolume of earthwork
and other materials, create maps that depicts general ground configurations, lay out
construction projectsaccording to planned € evations, investigate drainage characteristics
of anareaand study earth subsidence and crustal motion (Wolf and Ghilani, 2006).

Leveling encompassesthe measurement of vertica distancerdativeto ahorizontal
lineof sight. Henceit requiresagraduated staff for the vertical measurementsand an
instrument that will providehorizontal line of sight among othersin thelevel instrument.
Therearedifferent kindsof leveingingrumentsthat arecommonly use. They areAutomatic,
Digitd, Tilting, Dumpy and Laser levels. Theautomatic leveling instrument isalevel that
has self-leveling features such that when the three screw leveling heads have been useto
level the bull-eye bubble manually, an automatic compensator takes over and levelsthe
lineof sight, keepsit leveled by theamount that thetel escopeisout of level. They havethe
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meritsof being rapidin carrying out leveling operationswhich lead to greater productivity,
some are precise for first and second order survey work. Although, the automatic
compensator are affected by magnetic fieldswhich resultsin systematic error. Thedigital
levelsareanew generation levelsthat involvesdigital electronictechnology. It hasbeen
designed to reduce human error that occursin vertical distance measurementsanditis
classified asd ectronic becauseit hasapendulum compensator tolevel itself. Withanin-
built el ectronic gadget called acharge-couple device (CCD) that accurately readsthe
bar-code rod used in taking measurements and an onboard computer that comparesthe
captured imageto therods entire pattern which isstored inthe memory. Whenamatchis
found, which can be recorded manually or store digitally the equipment displaysthe
measurement throughtheLiquid Crystl Display (LCD).

Thetilting level sareinstruments consisting of atelescopewith acrosshair anda
tubelevel. Thefoot screwsare used to center the circular bubbles, thereby setting the
telescope approximately in the horizontal plane. After thetel escope hasbeen focused on
the staff, theline of sight isset more precisaly to the horizontal using thehighly sensitive
tubular bubbleand thetilting screw that raisesor lowersoneend of thetelescope (Schofield
and Breach, 2007). InaDumpy level, thetel escope and vertical spindleare cast asone
piece. It consistsessentialy of two plates, thetel escope being mounted on the upper plate
screwsdirectly onto atripod. Thetwo platesare held apart by threeleveling screwsor
foot screws, and adjustmentsto these, enable accurate leveling of theinstrument to be
carried out. That is, thefoot screws are used to bring the bubble to the center of itsrun,
and thusmaketheaxisof the bubblehorizonta. Inusing thisinstrument, two conditionsare
important for an accuratework: (i) theaxisof the bubbletube must be parallel totheline
of collimation (ii) both of thismust beat right anglesto thevertical axisof theinstrument
(Bannister and Raymond, 1998 and Curtin and Lane, 1955).

Finally, amorerecent instrument isthelaser level; it hasalaser beam projector
which employsarotating head with amirror for sweeping thelaser beam about avertical
axis. If themirror isnot self-leveling, it isprovided with visual ly readablelevel vialsand
manually adjustable screwsfor orienting the projector. A staff carried by the operator is
equi pped with amovabl e sensor, which can detect thelaser beam and givesasignal when
the sensor isin linewith the beam (usually an audiblebeep). The position of the sensor on
thegraduated staff alows comparison of e evationsbetween different pointsontheterrain.
Withthesebrief explanationsof thedifferent typesof levelinginstruments, theoneused for
the purpose of thisresearch areAutomatic level sun DSC432, Leica Sprinter 100m and
WildN2-111201 tilting level.

The specifications as published by the manufacturersare as shown bel ow;

Leica sprinter 100m (Digital Level): Accuracy (Height measurements)

Electronic measurement with sprinter aluminum barcode staff: 2.0mm

Optical measurement with standard aluminum E-scale/Number staff: 2.5mm

Standard Deviation for single staff reading: 0.6mm (electronic) and 1.2mm (optical) at 30m
Distance accuracy (Standard Deviation): 10mm for Dd” 10m Distancein m*0.001for D>10m
Compensator: magnet damped pendulum compensator with electronic range monitoring.
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Tilt warning range (electronically): £102
Compensator range (mechanically): 102
Setting accuracy: 0.8" max. (Standard deviation)
Magnet field sensitivity: <10"

Automatic level sun DSC432:

WildN2-111201 tilting level:

In Surveying and Civil Engineering profession, variousinstrumentsare used to
perform onefunction or the other; someof them still perform the samefunctionsbut only
differ in verson and name. Among theseinstrumentsincludetilting, automatic and digital
levelsthusthereis need to compare height differences between thethreeinstrumentsin
other to advice on the choice of instrument base on cost and accuracy. Comparison of
height differences obtained fromthreedifferent leveling instrumentsin other to adviceon
the choice of instrument base on cost and accuracy wastheaim of thisstudy. Specificaly,
itamsa:

[ carrying out instrument check of the three sel ected instruments

i Using theinstrument to carry out leveling observation within asel ected areaof at
least 1.000Km

i Computing thedataobtained using theheight of instrument method

Y Carrying out analysis on the computed datain order to ascertain theaim of the
project

Based onthe above, the study shall establishwhether ther are significant differencesinthe
performance of thethreeleveinginstruments observed.

METHOD

The study covered adistance of 1.050km?from legidlative quarter’sroundabout along
Sani Abachabye passtowardsAliero housing estate, Birnin Kebbi, Kebbi State, Nigeria.
Itissituated at latitude 12° 26’ 57.4"N to 12° 27" 10.32" and longitude 04° 13’ 33.65" to
040 14’ 05.83", directly behind theWaziri Umaru Federa Polytechnic. Thisstage of the
researchinvolvesthe proper stepstaken to achievethedesired result. It includesboth the
office and site reconnai ssance, various checks on the instruments and methods of data
collection

Planning: Thisisotherwise known as Reconnaissance, it includesthe officeand field
planning.
Office Planning: Hereisthe choice of theinstrument to be used for theresearch. It was

determined base on thefrequency of the use of theinstrument within the environment and
cost of purchase of theinstruments.

Field Planning: Itinvolvesthe decision onthesiteto be used, the nature of theterrain,
traffic, and vegetation. A base map of the areawas used to determinethe site, acontrol
point was sel ected whose height has been pre-determine and conformed to bein good
order.

Checks on theinstruments: The following checks were carried out on the leveling
ingruments;, (i) Collimation Error, (ii) Pardlax Error, and (iii) Collimation Error.
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Collimation Error occurswhen the collimation axisisnot truly horizontal wheninstrument
islevel. If Leve instrument isset up, leveled and thelineof sight or collimationisnot truly
horizontal, it will sweep out aconeasit isrotated, thisconewill be either above or below
thehorizonta plane. Thiserror can be detected and minimized by two peg test and regularly
keeping sight distance roughly equal. Parallax occurswhen the focusing screw and the
eyepieceisdoneincorrectly. Thiscondition can bedetected by moving theeyeto different
partsof theeyepiecewhen reading thestaff. If different readingsare obtained then paralax
isexist. Thethreeinstrumentsweretested for both collimation and parallax error and
foundto bein proper adjustment. Thisled the observations.

Observational Procedure: To perform aresearch of thistype, field work isnecessary,
assuch thefield work explained bel ow givesadetailed explanation of how each of the
instrumentsusedinturnto carry out theresearch..

Tilting Level: Theinstrument was set up midway at adistance approximately 75mfrom
theback sght and foresight; al necessary temporary adjustmentswere performed, paralax
removed and sighting begun. Theinstrument tel escope wasturned and pointed towards
the staff at the back sight (Temporary Benchmark TBM whose height isknown), and
bi section was made. Thetilting screw wasturned such that the U shapewas brought to
coincide, and reading wasthen taken fromtheleveling staff and recorded. Thetel escope
wasthen turn to foresight and the same procedure was carried out, at all instance, the
distance between the instrument and staff is 75m and the U shape was used at every
bisection beforereading the staff. Thisprocedure continued until thework wascloseat the
starting point such that it definesacloseloop. Thetota distance covered wasl.050Km.
Below isshownthepictureof atypica tiltinglevel.

PLATE 1: Tilting level, Wild NK2

Thismoremoderntypeof level isnow ingeneral use. It hasacompensator which consists
of an arrangement of three prisms. Thetwo outer ones are attached to the barrel of the
telescope. Themiddleprismissuspended by finewiring and reactsto gravity. Theinstrument
isfirstleveled approximately with acircular bubble; the compensator will then deviate
fromthelineof sight by theamount that the tel escopeisout of level.
1. Wild of CanadaLimited, 881 L ady Ellen Place OttawaOntario, Wild Heerbrugg,

Switzerland, N2-111201
2. Automaticlevel, Sun DSC432
3. Leica Sprinter 100m, Art No. 738933, S/No. 2001130, power;

12v6v = 0.3Amax, CH9435 Heerbrugg, manufactured 2004 in Singapore
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Automatic Level: Thetripod was setup at approximately 75m between the backsight
and foresight with the top closeto horizontal, and the instrument was mounted on the
tripod using thetripod screw totighten it. Aligning was made behind two of thefoot knobs,
theinstrument wasleveled using thecircular bubble, |ooking down through themirror, first
getting theleft-right tilt centered by turning thetwo lateral knobssimultaneoudy in or out,
then front-to-back by turning the opposite knob until aperfect centering isachieved.

PLATE 2: Automaticleval SUN DSC 432

Digital Level: The tripod was set up at a distance approximately 75m between the
backsight and the foresight and the legs extended to asuitablelength to ensure that the
tripod head isgpproximatdy leveled. Thetripod shoesweretreaded firmly into theground
to ensure stability. It was mounted on thetripod by screwing thetripod screw onto the
base of theinstrument; threeleveling foot screwswere used to Centrethecircular bubble
inorder tolevel theingtrument. Theinstrument wasPower on, and wasused opticaly with
abar codeleveing staff, itsdistancelaser beam, datastorage, and computationsare only
availablewith power. Thel D number, reduced leve for theinitid Benchmark and precison
were inputted in the instrument appropriately. Bisection was made to the backsight
Temporary Bench Mark (TBM) whose valueisknown and clearance of parallax was
made, the measuring trigger key was pushed and the bar code on the staff determines
height and distance which wasdisplayed on ahighly visible LCD. Thisreadingswere
recorded and thetel escopeturned to facethe staff at theforesight, bisection wasmadeon
the proceeding, and the same procedure continued until thework was closed back at the
TBM on the starting point. Just like the tilting level the instrument is always set at
approximately 75m from the backsight and foresight stations.

o G

PLATE 3: Digital level, LeicaSprinter 100

ThisWild NK 2tilting level isan accurate, quick to useinstrument for top quality work. It
featuresareversibletubular level and telescope, which alowsthe divergence betweenthe
line of collimation and the bubble tube axis at two staff readings (180° apart) to be
automatically diminated by taking themean of thetwo readings. Themain disadvantage of
tilting levelsisthat before each reading ismade, the tubular bubble must be set correctly.
Thisisdueto the absence of acompensator. Theprecision of alkmdoubleleveingrunis
guoted as+2mm. The sensitivity of thelevel bubbleis30"/2mm and the accuracy of
levelingthelineof sightis+0.75".
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RESULTSAND DISCUSSION
Tablel: Reducedleve for thethreeinstruments.

Chainages AutomaticL evel Digital Level Tilting Level
0+000 99.967 100,003 100008
0+150 99.880 99.831 99.836
0+300 100034 100071 100076
0+450 100.855 100.888 100854
0+600 101735 101.773 101.740
0+750 102552 102591 102565
0+900 103.201 103.361 103331
1+050 104.043 104.114 104.082
Table2: Extract from Reduced Level for Calculation
Automatic Level Digital Level Tilting Level

1967 2003 2008

1880 1831 1834

2034 2071 2076

2855 2888 2854

3735 3773 3740

4552 4591 4565

5201 5.361 5331

6.043 6.114 6.082
TOTAL (t) 28.357 28.632 28.490 T=85.479
MEAN () 3.544625 3.57900 3.56125 (x)=3.561625
% 100.5149311 102.473928 101.4600125

T2/ _
%\I = 304.4441434

Theobjectiveistotest whether thereisany significance differencein the performance of

theseleveingingruments (Automatic, Digita and Tilting Levd).
HyU =U,=U,

H,: at |least two of the mean are not equal.

o =0.05 waschosen asthesignificant level.

Bss = nY* (k- X = {Z(T/] - T%l}

2 _ BSS _ K
S, = 1 Where N -z_lni

_ 28357 286302  28490° _ 854792
BSS = 8 + 8 + 8 24

= 100.5149311 +102.473928 + 101.4600125 — 304.4441434
BSS = 304.4488716 — 304.4441438= 0.0047278

Sf = 228 = 00023639

—\k nf 2 _ 2 K j _—2
T$_zi=l j=1 X rwor Z"i=1 j:l(xij X)

1]
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TSS 118.875129 + 121.428282 + 120.087822 — 304.4441434

= 55.94708%

WSS =  TSS-BSS

WSS =  559470896-0.0047278 = 55.9423618
§7 = W - ss9uI8 = 2 66302199

|,

Theration Fwascomputedas F =

2

R

F = 00023639 — Q1

2.66392199

Having FdistributionwithV, = (k-1) and V,=k (n-1)

V,—=(3-1),V,=(N-k) = (24-3) =21
F, = 3.47 fromthedatistical table
Thecritical regionistherefore determined by F
Reject thenull hypothesis(HO) if F>F |
F = 0.00landF , = 3.47
Formulas obtained from Olubodun O. A (2001).
Accept thenull hypothesi sthereisno significance difference between the observations.

For academic studies and engineering works, it isrequired to determine height
differences between pointsor the height of pointsfor applicationsin measurements of
national or local networks, vertical applications of bridge, dam and infrastructures,
mai ntenance and control measurements, determination of vertical crustal movements,
motorway, railway, sewerage and pipe line measurements. Height determination can be
classified asgeometricleveling, trigonometric leveling and GPS/leveling depending onthe
typeof insrumentsused or the methodsapplied. They have advantagesand disadvantages.
The purpose of thisresearchisto compare variouslevelinginstrument for achieving the
desiregod andto ascertainif theseinstrumentscan be used interchangeably werenecessary,
theindrumentsareAutomeaticLeve, Digital Level and Tilting Level. Tofulfill theaimof this
study, leveling operation was carried out with the threeinstruments at adistance of 150
meter interval from the forward and backward observation for adistance of 1.050Km,
theresult obtai ned were deduced and analyzed, the conclus on wasthat theinstruments
haveno sgnificant differencesat 5% sgnificanceleve

s (V,V)ie

CONCLUSION

From the analysis above we concludethat thereisno significant difference between the
valuesobtained from the observations of heights. Wetherefore concludethat thereareno
sgnificant differencesinthe performanceof thethreeleveinginstrumentsat 5% sgnificant
level. Considering the result obtained from the analysis, the instrument can be used
interchangeably without any effect on cost and accuracy. Thededuced result can beanayzed
using the samemethod but at 1% significancelevel. Theresearch can aso be performed
with difference atmaospheric condition such asduring thewinter and summer.
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