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1.0 INTRODUCTION

1.7 GONERAL DISCUSSION

The Normal probability distrabution can otften be used to approx-
tmate the probability distributions of random variables  This
follows from the Uentral Limit Theorem, which states that, under
rather general conditions, sums and means of samples of random
measursments drawn from a pupulation tend Lo possess, approxi-
mately, & bell-shaped distyibution in repeated sampling. The ap-
proximition wil! become more gocurate as this repetition becomes

large

The random errors associated with thsodolite observations have,
traditionally, been regarded s having a standard normal dis-
tribution  Certain statistscal tests used f.. the analysis and

ad justment of survey dats have bsey based upon this assumption.

There are some old studies which doubt the validity of the Normal
distribulion to be the best fitting curve ~f the observations.

HoF. Rainsford (1968) says that

"#.R. Hulme states: 'We do find that series of observations
which have been sade under identical condiiions, as far as
the observer (s aware, do not (n genersal yield residials
follewing & Gaussian curve. [nstead they give an excess of
;;all and large errors with a deficiency of intermediate

Vo
Ornss

Also, initial studies in the Department of Surveying, Unjyversity
of the Witwatersrand, Johannesburg (personal communication, K.§.

Milford) have indicated that observations may not follow a con-

ventional Normal distribution, but may be non~Normal in nature.

INTRODUCTION 3
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The disser  tion will, therefore, be directed at detrrmining the
distribo o, £ she residuals associdted with observed di-
rections | s deverm: ¢+ distrabutiens for general use. In oad-
dition to the Newo oal destrohution, the Truncated normal and the
Taverss Gaussian desuoabulions <0l be tested for use as the

Gtow hast e omode ] for the wrrors

1.2 FURTHER DISCUSSION

The dissertation has been undertaken to test the validity of the

follow ng assumption made n adpustment theory

mmon model

In the adjustment of sngineering surveys, the most o
J & & ¥

used is the parametric adjustment This modsl has the form of

u o= Ax o+ f (1.1}
where
vector of unkniwn parameters
matrix of cosfficients or design matrix

vector of constant terms derived from the observations

(-SRI I

vector of residuals

Mary authors assume that the observations are normaliy iistrib-
uted (Raiasford, 1968, pp. 5-7), (Pope, 1976, p. 93, (Mikhail
1976, p. 61y and (Cross, 1984, pp  92-93) In general, the dis-
trimtion of theodolite observations {s accepted as Normal, de-
noted by N{u,”";, where u is the mean of observations and ¢! the

VATriance.

Following from this model, the distribution of the estimated pa-
rameters is then multivariate normal; N(X,L ). The estimate of
X is given by R=AWA) D AWF where . WAL is the dispersion

matrix of the parameters. This dispersion matrix, the estimate

INTRODUCT [ON 4




of £, will only be normal if the initial assumptions corcerning

the observations are valid This follows divectly, since

Prdexoi@ox = (AWATT AW wacAwA T

AWA; !

o
where W ' is the variancs-covarianee matris of the observations,

and hence {~~zT,w";

Also, ftor the estimation of weights in the adjustment process,
1t is usaally assumed that the observations are normally dis-
tributed, and hence w;kﬁl'oi’ 1f the observatjons sre independ-
ent then wl}*ﬂ The methods developed by Kubik (1970}, Schaffrin
(19815 and Sicberg (1981 employ maxaimum likelihood estimation
for W with the assumption that the underlving distribution is

Normal

Trese methods would not be totally val:d if the distribution is

aot Normal

On the other hand, this dissertation will test selected distrib-
utions (which are referred into section 1.0) to determine which
of them best fits the residuals and consequently to make conclu-
sions and recnmmendations for the modelling of the distribution

of the observations.

It i possible to show that, for an adjustment model in which
pargecular errors are ascribed to the ohrarvations, the expected
distribution of the residusls of adiustment is identical to the

distribution of the ervors of the observatiuns

The model for the parametric adjustment is a general linear model

(Graybill, 1976)
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} = Ax + @ (123
whera:
I sbservations
A o destign matrix
X vector of unknowns pArameters

@ . true errors

with

Pos Ax (1.3}

Given the distribution of the observations as I=N(u, L), the dis-
tribution of the true errors is simply e~N{0,L}. This can be

wasiy showed

1.3 ASSUMPTIONS

The following assumprions have been made and ceonstraints applied
-

i carrying out the ressarch.

1 The data are derived from one type of survey project, namely
"tha monitoring of open pit mines' and have been acquired by

one obsarver.

INTRODUCTION ]
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The conventionally used reduction procedure will be applied
to t o observations, in order to test the method currently
usod. The residuals from this cedurtion procedure will be
nalysed, in order to determine their distribution, and hence
the validity of assuming that the errors of observations are

" "
normal .

Systematic errors due Lo theodolite lmperfections are elimi-
sated or inimised by the cobservational procedure discussed
in chapter 3, while the systematic errors due to aimospheric
effects will be rogorded ws part of the modelling process
during the subsequent adjustment of the mean observations.
Thus, for the model Fily, 1t will be assumed that the function
Fily (which repesents the methematica] model) will include

those svslemalic errars remaining.

This assumption conforws with A J. Pope (1976) who states

systematic offncts are either corrected for,
cancelled out by the design of the observationai pro-
cedure, or eodelled arnd estimaiod in the adjustment
seself.”

This dissertation will only considers vhe "raw”  (observed}

dats

Since the main aim of this research is to obtain an estimate

of the distribution of the residuals, all residuals have been

included. An exception is made for gross errors {big mistskes
-
or blunders) -such as an error of 10°- which have been ex-

cluded, {f encountered,

Outliers can he regarded as observations from an alternate
distribution (Richardus, 1984, pp. 73-77) and have, there-
fore, not been evaluated or exciuded. This enables the over- ¥

all pattern of the distribution to be determined. It would

“IDUCTION 7
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be possable v a latter stage O search for ontiiers, bhut thys

would  be dependent upon the distribution gecepted as best

describing the behaviour ot the resoduals

samylar to the old chicken and

Tu vne sense, the problem
egg etory, which vemes first) of any fora of outlier detection
is eaployed, the distribution based on the remaining resi-
duals will be effecte’ by the residuals rejected. Alterna-
tively, 1f Touttiers” are included, the distribution may also

he brased.

1t was, therefore, decided to include ali the residuals {fex-
cept  blunders), so that the overall disiribution could te

deatermined

1.4 PROJECT QUTLINE

The following wsin sub-divisions will be covered within the dis-

Beriation

1. Background and review: This section provides a review of some
af the defirnitions and concepls used in statistical distrib-

wtions .

2. Theodolite observations: As these ubservations form the basis
foi_ih« data used in the dissertation, thewlolite measurements
will be discussed in teims of errvors and methods of reduction
employed 1n order to obtain the best estimates of the mean ob-

servations and their ass ciated residuals

3. Statistical distribution and the modelling of date: Various
statistical distributions, including Normal, Truncated Normal and

Inverse Gaussian distributions will be considered. The Chi-Square

INTRODUCTION 8




goodness=of-fit rtest will be employed for the fitting of the data

tobservational res:duals) to these distributions

4. Computer programs: For the purpose of the reduction nf the

theodalite observations and for the Chi-Squdre [est, lwo computer

programs have been written: the HI DD JEST programs,

resprotively,

5. Conclusions and recommendations: This section is based on

the findings nf the anilysis carvied i the disservation and

tdent ifies the distribations that best guantify the residuals of
1 ¥

the observaiions

For pra.tical reasons, this disserigtion has been prepared in two

volumes (Volume [, Volume 1)

L3 Velume [ includes the theoretical background relating to this
dissertation, statistical concepts (Chapter ! to 5) and dis-
cussion and analysis of the resuils, conciusions and recomm-~
endations [(Chapter & and 7). Tables ¢ g. for the theoretical
values of the Chi-Square g iness-of-fi1t tesy are included
in the Appendix A and, in addivion, examples of the outpit
of "THEO" and M1 DI _TEST" computer programs are lisced in
Appendices 8 and C The references and hibliography are cited

in Appendix D

o Volume [1 includes the dats (Appendix £}, flow charts and
listing of the computer programs (in Appendix F for the "THEQ"

wrogram and in Appendix G for the "M DI TEST” program).

INTRODUCTION 9
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2.0 GENERAL CONCEPTS AND REVIEW

2.1 GENERAL REVIEW OF SURVEY OBSERVATIONS

Measurement (British Standards Institute, 19807 is 4 set of ex-

perimental operations for the purpose of determining the value
of 4 gquantity

Observation s an cperation which consists in noting the indi-

catson of & moasuring instiument

However, 11 1% common (o both statistical and survey literature
to use the term Tobservations' for messured guantities. This is
particularly true of data relating to divections, where surveyors
generally use observat:ions as opposed Lo the tarm measurements,
which 18 generally reserved for “distince’ data. For the purposes
of this dissertation both of these terms will be used inter-

changeably

As far as surveying 1% concarned, measurements are carried out
for a variery of purposes, such as the determination of the shape

of the earth, to map at a certain scale part of the earth's sur-

face, the setting out of construction works, and surveys for

ravigational and cadastral purposes.

The ewbservations, being the recorded values resulting {rom the
measurements, dre generally not ready for use without first hav~
ire been processed in some manner. For all surveys, the precision
or repeatability of the ohservations should be known. This in-
formation is also generally required for the post-processing of

the measured quantities.

GENERAL CONCEPTS AND REVIEW 11 |



However, it is well known that, in genseral, two or more measure-
ments of the same quantity do not viela the same result but differ
slightly., When a sufficiently large number of measurements is

pade sinder the same conditions, it appears that the observations

follow a4 set pattern, which can be described by the follewing

charactieristics

a. All observations are grouped about a central value
B, Positive and negative deviations from this central value are
almost equally fregquent

¢ Saall deviations are more {requent than large ones

The residusls heing the differences between the ohbserved and
expected values mav be grouped sccording to their magnitude into

classes and thesr distributiorn shown graphically in & histogram,

i y ¢ Froquency

Probatality cumve

x * Magritude
- o * of reudusls

Figure 1. Histogram or frequency distribution diagram

Plotting the cliass boundaries at egual intervals along the

abscissa, the freguency of the residuals i1 the interval s re-

presented oy the area of the rectangle with the base line equal
to the class interval and the height equal to the number of ob-
servations (residuals) in the interval An example of a histogram

is given in Fig. 1.

T

GENERAL CONCEPTS AND REVIY 12
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The residuals assocrated with observat:ons in survey:ing, when
plotted in this manner, show very similar histograms: the class
with the maximum number of residuals generally is situated near
the centre of the {igure. The lower frequencies are grouped ap-

proximately symmetrically about this cerntre

2.2 THE NORMAL DISTRIBUTION IN THE FIELD OF SURVEYING

In survey it is generally sccepted that the residuals associrated
¥ LS ¥

with the medsured guantities dre distributed &c

rding to  the

Normal (Gauss) distribution (McCo-nac, 19835, (Richardus, 1984).

The general form of the probability densivy function (p.d.f.)
is a4 ball-shaped curve which is symmetrical about the expecred
value (u) as i3 shown In Fig 1. Also, the curve {s asymptotic
to the absciswa at both right and left hand tails. This means that
the theoretical range of the residuals s infinite. In practice,
the tail regions, where (x-u) »30 (0 :s defined below), appear
to have little significance for the description of the distrib-
utionrs of the residuals. These regions usually, however, play an

important part in outlier detection.

An "outlier” is an observavion which does not appear to conform
with the rest of the set. For & single univariate sample, an
outlier {s an extreme obsaervation, rather larger or smaller than
:ha.fg-st af the sample  There may be several such measurements
in 4 sarple which do not appear to come from the same probability
distribution as the rest of the observations The actual problem

arises in the decision as to whether or not some of the observa-

tions dre outiiers, and consequently, to decide if these obser-
vations could be taken into consideration for the probability

distribution or whether they must be discarded. On the other hand,

3
4
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an obvious blunder has absolutely nothing to do with the deter-

mination of the distribution and it is discarded an once

For turther reference to the treatment of oulirers see fur example

W.o Baarda (19083, ALJ Pope (19763 and Ho De Heus (1982)

2.3 VARIANCE AND STANDARD DEVIATION

The variance of a population (0?)  of N  measurements
X, X
1

devistions of the measurements about their mean (u), and is given

soo X 38 defised to be the average of the square of the

by the formula (Mendenhall, 19761

ot = I (x%-w’i?v‘ 2.1

The variance of a sample (5?1 of n measurements x X, s

e
defined to be the sus of the sguared devistions of the measure-
ments about their mean x divided by (n-1). The sample variance

is given by the formula (Mendenhall, 19793

n
st = g {xi-i)’z(svl) (2.0
f=)
-

whera ¥ is the sample mean

The standard deviation of a set of n measurements XpoXge X,
2

d
is equal to the positive square root of the variance (Mendenhall,

1979). The sample standard deviation is denoted by the symbol s,

where

GENERAL CONCEPTS AND REVIEW 14
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$ Figure 2 The p.d £ of the Normal distribution
s = (2.3)

and the popvlation standard deviation by the symbol o, where
s = ot (2.4)
Consider the normal distribution curve as shown in Fig. 2.

The ordinate at the origin coincides with the axis of symmetry.
The mathematics of statistics shows that the abreissa of the
inflection points I1 and . are equel to the standard deviation

iRichardus, 19845,

The nature of the relationship between the abscisss and the
crdinate {mpiies that the standard deviation, o, is a mesasure of
theggoatter of the residuals  If the residuals cluster closely
about the mean, the standard deviation will be small, conversely,

if the scatter is large o will be large.

Dispersion is alsc <sed as 8 measure of scatter. This term is
defined as the phenomenon exhibited by a measuring instrument

which gives different indications in a series of measurements of

GENERAL CONCEPTS AND REVIEW 15
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the same value of the gquintity measured (Bratisn Svandards In-

stitute, 19803

2.4 ACCURACY AND PRECISION

Accuracy may bte Jdefined as the extent to which an estimate ap-

proaches 1ts true valve  That s, 1t denotes how close a meas-
urement 1% to the true value of the quantity 'HMcCormac, 1983),
tMikhatl, 1976,

Frecision is the closeress one measurement to another: it s

the degree of conform:ty among # set of observations. An indi-
catioh of precision 1% the spread of the prebabilivy distribution
(MeCormac, 19833, (Mikhasl, 1976

Tt does not necessarily (ollow that betver precisicn means better

BCLUTALY
Dbservations of a high precision helong to a distribution with &
small standard deviation Observations of a4 low precision belong

to 2 norma. distribution with a large standard devistion,

Historically, many authors in surveying indicated the precision

¢f wbservations by the probable error (p.e.) This gives the
values xzwwp ® and xzﬂ¢p «. as limits between which an obser-

vation may fall with a prebabilivy of 50% (Fig. 3)
-

Statisticians have, for several reasons, abandoned the probable
error an favour of the standard deviation, ¢, as an indication
of the precision of the ohservations. The most practical reason
is that the standard deviation must be calculated in order to find
the probable error. Therefore, o is used for all computations

concerning precision in this dissertation.
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| Figure 1 The probable 4nd srtandard errors

This dissertation deals with the precision of the cbservations
(which 18 directly related to the dispersion of a distribution
and i3 represented by the value of the standard deviation o) and
not with accuracy f{which reflects the closeness of a4 location
statistic to the value of the parameter for which it i{s an esti-
mate]. Systemstic errors directly associated with the accuracy
5f the observations and modelling errors will not be considered.

These are generally non-normal in type

2.9 F"RORS AND MISTAKES

-
The differences between measured quantities and the true values
nf those gquantities are classified as either errors or mistakes

(MeCoreac, 198735

An error is a4 difference from a true value caused by the

imperfection of a person's senses, by the imperfection of his

GENERAJ, CONCEPTS AND REVIEW 17
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vaquipment, or by environmental effects. Hrrors cannot be elimi-
nated, but they can be minim:sed by caretul work combined with
the application ot vertain numerical reductions. Classically,

errvors Are uscally separated 1nto two ategories:

a. Svatemitic ervrors

b, Random ervors

A mistake or blunder i1x & difference from a true value caused
by the inattention of the surveyor. That is, mistakes are caused
by the carelessness ot the surveyor and this cun be eliminated

by careful checking
Mikhatl (19783 says that

TFrom a4 staristical point of view, Blurders sre observa-
tions that cannot be considered as belonging to the save
samples from the distribution in question. They should not
therefore be used together with other observations. '
In nther words, mistakes {(blunders) should not be considered as
4 part of the observational sample, and for this reason the dis-
sertarion assumes that all mistakes (obvious blunders) have been
elimingted from the initial observations used in the first com-
puter program ("THED™) which dea's with the reduction of obser-

VAL ions .

2.5.1 SOURCES OF ERRCRS

Errors in messurement are generally said to be personal, instru-
mental and natural. Some errors, however, do not clearly fit inte
just one of these categories (McCormac, 19835 and may be due to

a combination of factors.

GENERAL CONCEPTS AND REVIEW 18
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Personal errors occur because ao survevor has perfect senses of

sight and touch. For instance, in est:imating the fractional part

of a scale, he cannot read it perfasctiy and the measurement will

g ocrally be either a litvtle larger or smaller than the trye

Instrumental errors cocur becaise fnstruments cannot be manufac-

tured perfectly and the different parts of the insiruments cannot

seadiusted exactly with respect to each other. Thus, as the ob-
server cannot tvead the scale perfectly, similarly the manufac-

turer cannot make 4 perfect » »,

Natural errors ave caused by temperature, wind, humidity, mag-
retic variatiuns. As oan example, 8 steel tape may increase in
length because of the increasing of temperature (systematic er-
rors i The surveyor cannot normally remove the cause of errors
such as these, but he can minimise their effects by using good

iudgement and applying proper reductions.

2.5.2 SYSTEMATIC ERRORS

A systematic or cumulative error (McCormac 1983) generslly, un-
der constant conditions, remains the same as to sign and magni-
tude. For instance, if a steel tape i+ 50 mm too short, each time
the tape is used the same error wili octcur. [f the full tape
lerighb {8 used six times, the error sccumulates and totals six

times the error »f one measurement.

The .ystematic influence may be reduced or eliminated by several

methods . P Richardus (1984) states:
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"1t may be reduced to a magnitude which 1s negligible
by 4 hetter chosce of the model or impravement of the in-
sfrument s
2. By & determinat ton of the error independently of the
mednu ement s and the application of & correspomnding cor-
rection to the observatson
1. The systemstic anfluence may be deo ced by & special
method  from the provwvssing ol the data provided by Lhe
messurenentl §

4 By asrrangement of the order of the eessurements in 4
vertdin manner so that rthe ayvstemsric effect ocours an
equi) number of [ives with a positive and negdtive sign.
The mean of these observarsons will then be free of this
] et O
" 2.5.3 P DOM ERRORS

4 random or observational error ix one whose magnitade and <:gn
are atiributad to factors beyond the control of surveyor, and can
generally ue attributed to persondl or natural caéises (see
2w l: kir- . these errors are just as likely to have one sign

4% the other, the mean of the measurements will approach the true

. value as the number of measurements increases. That is, for every SN
- measurement such as direction, elevation or distance, there is
some uncertainty even if the measured values have been corrected
for .Z:ismimm and systematic errors. Random ervors still]l remain
which cannot be exactly determined or eliminated. Thus, the ran- .
dom errors may be described as the differences between the true

values and the corrected measurements.

In statistics, the data {observati.cns) are considered to be a
sample selected from an infinitely large number of (possible)

repetitions of a measurement for which the mean will be the true A
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"I It may be reduced to a magnitude which is negligible

hotee ol the madel]l or tmprovement of the in-

P Hv g determination of the voror independently of the
medsuresments  and the application of 4 corresponding cor-
rection to the ohaervat ron.

Fo The systesstac anfluence may be dersved by 4 special
melhod  from the provessing of the data provided by the
e ANGreROnl S

& dy grrangesent of the order of the megsurements Iin a4
cerfagn manner s that the systematic effect occurs an
egual rumber of Cimes with & positive and negative sign

The wean of these observations will hen be free nf this

2.5.3 RANDOM ERRORS

A random or observational errar s one whose magnitude and sign
are attributed to factors bevond the control of survevor, and can
generally be attributed to personal or natural causes isee
PR Since thess errors are Just as likely to have one sign
25 the sther, the mean of the measurements will approach the true
value as the number of measuremenis increases. That is, for every
measuremant such as direction, elevation or distance, there is
some uncertainty even if the measured values have been corrected

Random errors still remain

for blunders and systematic error
-

which cannot be exactly determined or eliminated. Thus, the ran-

dom errors may be described as the differences between the true

values and the corrected megsurements
In statistics, the data {observations) are considered to he a

sample selected Lrom an infinitely large number of (possible)

repetitions of a measurement for which the mean will be the true
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value. The theory of probabitlity can, therefore, be used to study

the behaviour of randowm errors,

The model used to describe errors in surveying i85 generd.ly re-
wtricted to the normal distribution, as the repeated observations
usually disolay a "normal” frequency distribution. In principle,
however, the term random ervor” (s ast necessarily restricted

teoa normal dustributien
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3.0 SURVEY OBSERVATIONS

3.1 INTRODUCTION

Ire order to obtain the best estimdtes of the mean theodolite ob-
seivatlans, It 18 necessary to first consider the theodolite er-
rors  associsted with  the messurements, and  the methods  of
reducing the measvirements in order to obtain both the mean and

sryesponding residuals

3.2 THEODOLITE OBSERVATIONS

3.2.1 PURPOSE OF STATION ADJUSTMENT

The theodolite is used to take readings in order to determine

directions and angles  For the reduction of these readings (ob-

servations) either the method of directions or that of angles is
used. [n South Africa, the commonly used method is that of di-
rections. The adjustment of the observations is usually called 2
station adjustment

-
In latter sections, two similar methods of reducing horizontal
directions will be reviewed. A brief review of two methods of

angles ts given in sub-sections 3. 4.3 and 3.4.4.
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3.2.2 MEASUREMENTS OF HORIZONTAL DIRECTIONS

5

Consider the model in which the theodolite 15 set up at the sta-
tion point K and the horizontal directhyons 4, B,0C,0 are to be ob-

served (Fig )

Figure & Observations from K to the points A B C.D

A wignal or bescon is selected as the Reference Object {(R.0.),
and the theodolite horizontal circle readings to all other points
observed are referred 1o this point. The K.0. may or may not be
one of the stations A,B,.C or D and should be selected so that,
in geeral, dccurate, repeated observations may be made to it
Assume A is selected The theodolite is set up at K, centred,

levelled and sighted on A, with the telescope on Circle Left

|

iCL). The horizontal circle is set so that it is close 1o S.me

predetermined value, e.g. 269* 39’ 52.:" The remaining poi-ts
are then observed 13 turn, in a clockwise sense, closing on the
R.O. 1In general, this second R0 reading will disagree with the %

initial reading by a small amount, due to observational and en-
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virvonmental errors  [f the difference falls within the tolerance
specified for the specific class of survey, the chservations are
ascepted If net, the error may be atiributed to sub-standard
observing or mevement of the instrument, and the observations are

retected  On completion of the circle left ohservations,

the same procedure iy repeated on the Circle Right (CR), but this
tume 1noan anti-clockwise manner. The difference in readings,

between CL and OR, should be 180° (Olliver and Clendinning, 1978).

A set of observations on one face (UL or UK readings) to each of
the pointings required constitutes s round j(or tourd. In Figure
o this will give a single reading te esch of AB,C,D and A points
(CL readings) 1t must be clarified that the point A is considerad

ly point which is

1o be the K 2 in this exampls, and is the ¢
observed twice in the round. This will be re by & reverse
round on CR to AD.C.B and A cthe RO is again observed 'wice).
The combination o1 these two rounds (CL and CR readings) consti-

Tutes an arc

3.3 THEODOLITE ERRORS

Defects due to the mecnanical and optical components of the
theodolite affects measurements made with the instrument. These

can be divided into two categories {(Cooper, 1982):

@ defacts of adjustment (maladiustments)
-

o defects of construction {(malconstructions)

The errors which result from these defects are usually referyed

as theodolite errors.

Generally speaking, the best values for the reduced observations

can only be obtained by

SURVEY OBSERVATIONS 25

ik



L. eliminating blunders (mistakes) by comparing different

readings of the same quantity

2 wpplying corrections for all ¥nown sources of constant er-

rovs

Some  authors do not separate the constant error from the
systematic one but simply refer this as 8 sub-division of the

systematic effects Mikhail (1976) says that

"Systematic effects take on different forms depending
on the vdiue and sign of each of the effects. [If the
value and s:gn remdin the same all through the measur-
ing process, we would have the so-called constant er-

o

sor

as opposed to Rainsford (19687 who considers the constant

ervors in separate category from that of the systematic ones.

3. correcting for all sources of systemitic errors, when this

is possible

A brief review of these defects for hovizontal readings is out~

lined the next sub-sections.

3.3.1 MALADJUSTMENTS

-
[t s quite wmpossible for 8 theodolite to be in perfect adjust-
ment . Consequently, different types of maladjustments {(Cooper,

1982, pp. 128-137) can be found siice:

o the vertical (primary or rotation) axis is not really verti-

cal.
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o the line of collimation is not perpendicular to trunnion
tsecondary or horizontal) axis.

o the cross-hairs are inclined (orientation of the reticule}.

o the existence of parallax

o the optical plummet s not in adjustment

Good survey practice will eliminate most of the errors, the no-
table exception being non-verticality of the primarv axis. How-
ever, even if the necessary adjustiments have been carried cut and
the cpryect observing procedure followed, residusl ervors will
be present. M AR Cooper (1982, pp.  13%-146) discuswes these

affects in derail

Tt s ass. ed that the daty used for analyvsis purposes have been
purp

observed and reduced correctly.

3.3.2 MALCONSTRUCTIONS

These defects contain all those errors which the user cannot
normally eliminate by adjustments, but which can be reduced by
suitable observing procedures or by computation of “correction”

Lerms

Errors of this type can be caused by the following (Cooper, 1982):

o s trunnion axis is not perpendicular to vertical axis.

@ the planes of the circles are not perpendicular to their re-
spective axes {this error is, generally, negligible in prac-
tice].

© circle sccentricities

° inclination of alidade axis in its sleave.

° circle graduation errors.

o axis strain,
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) errors in Lhe opticdl micrometer.

See M AR, Coapsr (1982, pn l47-ley; for a detailed description
of the rftfects, errors and the appropriate actions foy this class

of theodolite defecrs

The surveyor 1% quite well aware of the existence of systematic
effects and usually sirives Lo minimise their presence through
instrument calibration, observatyonal procedures and modelling

the atrospheric and other effecty.

Some of the systematic ertous due 1o instrum ntal factors can be

eliminated by observing on CL oand UK and using the mean value.

3.3.3 CONCLUSIONS CONCERNING THE THEOQODOLITE ERRORS

The data used in this dissertation will be assumed to be free from
most of the errors discussed in the previous sub-sections. Pro-
fessor 1 B Watt, who supplied the data, carried out the correct
observational procedures in order to minimise the affect of in-
strumental errors. Systematic srrors due to atmospheric condi-
tions  are considered to be an  additional factor in the
mathematical model, #s outlined in the introductory chapter. The
repaining ervors will be considered as being significantly free

from systematic effects.
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3.4 REDUCTION OF THEODOLITL CBSERVATIONS

3.4.1 FIRST METHOD - DIRECTIONS (1)

This is the most commonly k- swn method (Olliver and Clendinning,

THTRY

1) Mean values: The obiect of changing face, direction of rota-
tion and zero 1s to eliminate graduation errors of the circle and
micrometer, and instlviumental errors due o mechanical
impertections. Theretfore, by taking the mean of the CL and CK
readings the s#ffects of the systematic errors are eliminated or

minimised.

2) Orientation correction: when more than one src has been taken
at 8 station point, then the best possible value of the observed
direction is the mean value obtained from the means of the indi-
vidual arcs. As the means of the various arcs will relate to
different parts of the horizontal circle, the means of the second

and subssquent arcs are refearred to the mean of the first arc.

Therefore, the orientation correction of the second, third or

fourth arc will be found as the average of the differences of the
medan values of the respective observation points between the
first arec and second, or subsequent arcs. : %
- H
3) Reduced mean value: Having found the mean of each arc and
the arjentation correction as outlined previously, the mean val-
E
ues of the second and the subsequent arcs are  educed to the first
arc.
!
!
4) Final mean: The final mean vaiue for each observed point, is %g

obrained as the average of all the individual arc means.
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Tne res{duals have been abstracted at this stage {see sub-section
3.4.1.1). The following additional steps are often included for

the reduction of theodolite olservations.

51 Horizon closure error: In genersl, the final mean values re-
lating to the R.0. peint will not be in exact agreement. The

difference is known as the horizon closure error,

The horizon closure error may be regacded as an observatieral
check, or may be used to adiust the individual observed mean di-

rentions.

6) Correction: Since, theoretically, the final mean values to the
K.0. should t: {dentical, any correction is derived as the quo~
vient of the of horizon closure erro. and the number of the dif-

ferent observation points.

7) Reduced sbservations: The horizon closure error is eliminated

by applying to the final mean values 3 proportional corvection.
It wust be noticed that the reduced observstions (step 7) are
correlated since the horizon closure arror (R.0. misclosurn er-
vor) has been distributed sccording te steps 5, 6.

This merhod is applied to obtain the ad usted values for the means

of the observations (directions).

3.4.1.1 Calculsticn of observational residuals

The residuals are calculated as the difference between the final
mean values of the ohservations (step 4) and the reduced mean

values (step 3),; that is:
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Residuals = Final mean values - Reduced mean values 301
{ ostep & ) ¢ ostep 30)

At tiis point, it must be noticed Lhat both step 3 and step &,
as cliscunsed in the previcus section, are dndependent of the in-
fluence af the K 00 misclnaure error However fhe valies of the
observations calcnlated up to step 5 are slughtly correlated
within each arc for the wmall samples (<30 residuals) as opposed
to large samples (30 yesyduals) where the correlation tends to

be zero, because of the orientation correction, and consequently,

the residuals which are ca

culated in equation (3.1) are very

siightly correlaved (see example given in Appendix ()

The affect of correlation s examined in more detail in the sub-

section 3o 01

The total number of the nbservational residusis 1s:

Tot = m % n {323
whers
®m ® number of arcs

n ® numbe- of observation poeints including R.O

It is probably worthwhile to differentiate between thoe analysis
of all residuals, and the statistics -orresponding to an indi-

vidua!l mean direction. Therefore:

1 The standard devistion of a direction as computed from the

spovled sample of all directions is given by:

m 0 Té

S (3.3)
mxn- (mn- 1) J

SURVEY OBSERVATIONS 31

a A

,
i
:
X
!



The standard deviation of an individual direction computed
from the sample pextaining to the specific direction is given

by formula (3.4)

whers:
x : the ith individual reduced mean
1
direction of the arc j

ii : the ith final mean

iIn contrast to the statistics relating to en observation, it
i% #lmo possible to obtain statistics associated with the
residusls. The object of this disseristion is to analyse the
digtribution of the residuals {(obtained as a difference bLe-
tween an individual observed direction and the mean direction

for any specific line).

The residuals have, therefore, been combined into large sam-
ples and viewed as individual datas points drawn from a common
distributicn of the residuals. From the manner in which the
residuals have been calculated, the mean value of this dis-
tribution is known to be zero, and the standard deviation is
unknown. The foimula (3.5) has been used to estimate the
standard deviation of the residuals (in the "H! DI_TEST”

program), and 1 given below:

m n L
LUy, i-t gt

o=l i=d
s = zi (3.5)
L

mxn
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-

where:
Vi, the ith residual for are

U - the mean of the residuals (U=0)

The "THEG” program (Keduct:on of Theodolite observations) has
been written an gccordance with the procedure described in
sections 3.4.1 and 3.4.1.1 Some more specific information is

given in the Volume 11 - Appendix ¥

3.4.2 SECOND METHOD - DIRECTIONS (2)

This method 1s usually called: "Adjustment of observations by the

method of directions” (dazay, 1970)

Two se1s of quantities are considered unknown: the directions aind

the orientation corrections.

The readings for the divsctions are dilferent because of the er-
rors of the weasurements, and tecsuse each arc begins on a dif-
ferent position of zerc. Therefore, these differences of "zeros™,
which are sssentially the orientation corrections, must be con-

sidered 83 unknown values

The observation squation for a direction i in an arc j is:

- A =0 -z (3.6}
L) 1 3
where:
Lij Cothe readin. of the ith direction tor arc )
Dl the adjiusted valoe of the respective dirvection
L.
i

the adjustad value of the respective orientation

correction for arr j§
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i=1,2,...,n ( n : number of divrotions )

number of ares )

[
#

[~

i
E]
a8

Since the k (nxm=k, n+m-1=p) equations of (3.6) are incensistent,

and LU are the resul*s of the messurements which have random
errors, it means that the equations (3.6) may be written as fol-

Tows:

L, +u (3.7)

Therefore, the squations (3. 7) can be writlen using matrices, as

follows:
k p k k
A x = b + u (3.8}
P 1 1 1
where:
3
A ¢ the matrix of the coefficients of the unknown
4 quantities
¥
% the vector of the estimates of unknown guniiaties
1
Uyl P
k
b : the vector of the observations
1
Bpptgreobgpe by lgee s ol
|3
u ¢ the vector of the residoals .
' .
et e e Yae e ;ﬁ

According to the theory of Least Squares the sum of the squares

of the residuals must be minimised, thai as:

{uu] = v'u = minimum, (3.9)

This implies that:
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AAR = AD (3.10)

which dre the normal eaquatioas. A’ denotes the transpose of A

A .
and X is the least squaves estimite of X
The solution of {3.10) gives DI,DZ,‘,V,DY.EV,,“,I

The number of redundant measurements (degrees of freedom) is ob-
tained as a difference between the total number of observations
{nxr;y and number of unknowns n+(m-1). Therefore, the standard
deviation o of all direcrions, individual directions, and all
residuals are given by the formulae of (3.3), (3.4) and (3.5

respeotively.

3.4.2.1 Affect of the vrientation correction

Let 5 directions be ochserved on 2 arcs. This implies 6 unknowns
{5 directions + o-ienfation carrection for the second arc), and
according to observation equation (3 7) the matrix A and the

vector X will be:

{1 o000
{ gro00 0
D,
GgCceglr ¢ D,
10 6
A =1 10000 -1 R x =0,
6 1
1000 1 Dy
Dy
21
00001 -1
Therefore:
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e /.
‘ o 2
6 i
(A'AY = 0 0 2
&
g ¢ 0 2
i
000 0 2
i-}-!%'l*l 5
and
6
16
. &
e
(A'Ay T = L/ 116
“ %
1118
11116
122226
where (A'A\‘l is the variar-e-covariance matrix, and therefore:
E 7
%0, " %,0, T “nn, * %, = 10
2 H H N
ﬂf}s ﬂagz = 300‘ = 6/10
Bearing in mind that the correlstion coefficient is given by the
formulc
o
N
. it} :
P B m— e (3.11)
- g, @
Di r))
whers: %
o=, -l .
jo= 2.3, W
the correlation between the directions D,, D, D,, D,, Dy is: L
p o= 1/4
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In general, if Dx (i=1,2,. .., are the final reduced directions
including R.C. and zj (3=2,3,....mn) are the orientation cor-
rections applied to the second and subsequent arcs, then A is a
(m=n] » (p+m-1) marrix, apnd 1t can be shown that the elements

a” of the (A'A) matrix will be egqual ve:

a” = oom if 1F ] f i, $n
n if im0y ' i,  »n
] if PO H ivj$n
-1 if IR H ior jomn
{0 B LI} B iand j >

The olements s "' of the inverse matrix gA'A)'I will be given

J
‘\ 4%
i}'x * (ntw-1)/ (0 om) ff i=3 ; i,i%n
= Ifn if F S I O B ¢
= (m~13/(n m if Py, Y,1 %
ﬁv =, 1% 3 5 iR
= -i/n if it § , and
i
i*n, i%n or {$n,j>u kS
- -
Therefore, the correlation coefficient hetween {)1,.,.,ﬂn will be 4
given by: ;
i
4
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(m-13/tnomy

fonvm-130(n )7 Jonvm=-10/(n m]

Ml
N (3.12)
ndme 1

Figure 5 depicts the value of the vorrelation coefficient for both
2 and & avc samples. As can be seen trom the graph, the corre-
lation s small (generally less than 0.1 with more than § observed
directions in the case of o arcs, and 27 sighted direction idn
the case of 4 arcs) and tends to be zern as the number of the

observed directions, and therefore residuals, increases.

For the smaliest sample used in the dissertation (m=2. n=8 - see
section 6. 2. 1ithe value of p is Q.11 (formula 3.12), and conse-
quently, it can be considered that the corrslation between the
shaervations, and therefore, between the residuals, due to the
orientation correction is generally small and for the large sam-

les 30 sig ed directions] this approaches zero.
P & ¢

3.4 2.2 Comparison between first and second methcd

It g .sow possible to show that the first method is identical to

the second one

1. First Method: Suppose:

n directions be observed
m . number of arcs
Li © mean values of the observation of the ith direc
tion on the jth arc (sub-section 3.4.1 - step 1)
z) : orientation correction Applied to the second and
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i

ohserved directions

{n} -

- ! 0 d
*4303 UD13R{24J00 - (d)
Figure 5. Correlation coefflicient
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subsequent ares (sub-section 3. 4.1 - step 2)

,£“ reduced mean value of the observations of the
’ second and subsequent arcs {(sub-section 3.4.1-
- step 3)
D : final mean values of the observations (sub-section

3401 - ep @)

if A£ is the difference of the mean values of the respective ob-
servation points between the “.rst arc and second, or subsequent

arcs, then:

01} = by o Lil (3.13)
where:
1=1.,2, W
del 3, N
Therefore:
n Aij
zj @ e (3.14)
=] n
where:
i=1,2,....n
=23, ...

Then the reduced mean values of the observations will be:

Lij - Lij + zj (3.15)

where:
i=1,2, . .. ,n

j=2,3,0 00 ,m

and the final mean of them will be:
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L)
D= (1/m) L Lij + Lil (3.16)

j=2

where:
=12, . .,n

=23, ..,

Substaituting (3.13), (3.14) and (3 15) into (3 16), Di becomes :

m m n
. .o L -
0= (limp . LU Mmooy} IR \IU Ly (3.17)
3=l j=d isl
where:
1=1,2, . ..n

Second Mathod: The unkrown quantities D

LoDz, 00,2
1" e n'"2 ®
can be found according to sub-section 3.4.2 from the solution of

{3.13) which is:
2= A'A A (3.18)

where the guantitiss A, Q. b are explained into sub-section
3462,

The slements aij_l of the matrix (A’A)~1 are referred to in

sub-section 3.4.2.1. On the other hand, the vector A'D is as

follows:
Low
|
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iy

(A'b)

where pwnem-l

1w can be shown -after somchow laboricus work-

z.= (1/n}
whese §=2,4,.. .0

D= (1/m)
where {=1,2, .. .|n

SURVEY OBSERVATIONS
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Substituting (3.20) intc (3.21), D, becomes identical to that

given by (3.17).

Therefore, it can be said that the first and second methods are
equivalent and that the second method 15 the 'marl ial ex-

pression” of the first mathod.

3.4.3 THIRD METHOD - ANGLES (1)

An alternative method to directions at & point is provided by

horizontal angles.

The most commonly used method of aagles (Balodimos, 1977) nowa-

days is the following one which is referred to the R.0. as zero:

Consider the angles (Fig 43 at K between the points A (R.O.),
B, C, D are to be measured The theodolite is set up at K, and
the hovizontal circle reading is taken and recorded exactly as

describad in section 3.2.2.

The raduction of the observations is carried out by meaning the
left and right face readings. If required, the mean discrepancy

between the two K.0. readings can be adjusted proporcionally to

the nurber of angles, and finally the clockwise sugle of each
station can then be deduced.

-
The record of the ohservations at a point consists of the means
of several such sets of angles, referred always to the same R.O.,
asd this is the most economical way of presenting the results,
since the value of any aungle, or combinat:on cf angles, for ex-

ample BKC or AKC, is given by a simple subtraction.

p....ag *
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The method could be described as one of directions referred to

the R.0. as zero direction.

3.4.4 FOURTH METHOD - ANGLES (2)

This method {s ususlly called. "Adjustaent of observations by the
method of angles in all cosbinstions”, and is well known as

“Schreiber's mothod” (Hazay, 1970).

This method iz based on a completely different technique {(the

field procedure and observing techniques are differenl) compared

with that of the previcus sub-section, and consists in measuring

ali the angles in different combinations (Fig. 6). The number of

the combinations and, therefore, of the angles to be measired is:
m = nin-1}/2 (3.22)

where n is the number of individual points sighted.

Angles are generally measured in severasl sets the number of which

is identical for each angle.

3.5 CONCLUSIONS

The first method (methud of directions) has been applied in this
dissertation because of the following reasons:
1. The first two methods for the reduction of theodelite obser-

vations (sub-sections 3.4.1 and 3.4.2) are identical. How-

ever, the first method is merely a Lonvenient computational
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Figure b Angles an

ali cembinations

model to oblain the Least Sguares solotion described in the

second method.

The third method imethod of angles) as has been described in

would have been applicable but not used,

4s the general practice in South Africa is to use the method

af directions [ first two methods).

2
sub-section 3 w3
3. Schreiber’'s method

tsecond method of angles) is not epplica-

ble for dissertation purposes because of the field procecure

adopted during the

Un the other hand, it

orientation correction
-

fect the calculation

correlation introduced

SURVEY OBSERVATIONS

actual survey.
is worth noting that the applicacion of the
in the method of directions does not af-

of the observational residuals since the

hy this s very small
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4.0 DISTRIBUTIONS

4.1 MOMENTS

If some dats are known to have been sampled randomly from a normal
population, then the sample mean and variance do in facs summarise
all the information contained in the data. More usually it may
not be known that the populatisg is normal, or perhaps {t may be
known to follow some other distribution. In such situations some

messures may be needed to represent further shape characteristics

of a4 distribution, such as skewness. That additional mowents
: can be determined f{rom which charscteristics of the distribution
may be aferred. Population measures {although analogous defi-

nitions hold for smmpie data) will be considered below.

. The moments and cumulants are a set of constants of a distribe
ution which are useful for measuring its properties and, under

certain circumstances, for specifying it.

The moment of ordar v {(r=1,2,3, . .7 is given by (Mikhail, 1976),
(Patel, Kapadia and Dwen, 1976}, (Wetherill, 1972), (Bury, 197%)

(3.

+

WoE E(em) {(o.1)

and.is‘ called the rth moment of a variable x about a constant
b, When b = 0, it is called the rth moment about the origin of
the random variable x, and is denoted by u'r. When b = E{x), {t

is called the rth central mownent of the random variable x, and

is denoted by v,

:
i
1

o
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For a continuous variable, the central moment is (Bury, 19753,

(Mikhail, 1976):

i"#-

u o= cxeus T E a0 dx (4.2)

where f(x) is the p 4. f

The mowsents u_ can be expressed as functions of u‘r Noting *hat
.

f

UoL,R4 %) 1% 4 copnstant, the secona moment aboutl the mean can be

written &%
My = Elxmi? o= Eixde2uxen®) w Bt )-ZuE (xR
= E(xY)-2EOOEGO+[E(x) )Y = Eixt)-[E{a))?
= E(xt-0)-TE(x-01]Y 2 Eqx-0)?-{Eix-0))?
=y - out ot (4.3)
Similarly, {t can be shown that

TP AT A I (4.4)

T A AN A AT I (4.5)

Gives-that the expectation and variance of a random variable are
E(x) and Elx-u}', then the third moment is zero in symmetrical
distributions, and will be non-zero for skew distributions. The ¢
third moment will be positive for distributions as i{a Fig. 7(a) i

and regative for those rupresented by Fig. 7(b) respectively.

The third moment cannot be used in the form E{(x-u)’) as a

%
maasure of skewness, for it can be mwade arbitrarily larger or
smaller by altering the scale.
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Figure 7 Some nou-normal distributions

The following formula is invariant o scale and will be used as
--
the coefficient of Skewness (Patel  Kapadsa and (uen 1978),

(wetherill, 19723, tBury, 157%)

IR (4.5) C
where:
TP E{x-u)?
uy = E(x-u)?
§
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Another coefficient which measures the shape of a4 distribution
is the coefficient of Kurtosis or excess, which is defined (Patel,
Kapadia and Owen, 1976), (Weitherill, 1972), (Bury, 1975} as:

S
—
P

Tyo= e/ ug)?
where:
by = Eix-ud?

Mo = E(x-u)*

The graph is more pesked (Leptokurtosis) fov ¥,73 (Fig. 7(d)),
and becomes more flattened (Platykurtosis) for ¥,<3 (Fig. 7(c¢))

in the normal distribution.

The Moment Generating Function of a randem variable x, denoted
by M{t), 13 defined by {Patel, Kapadia and Owen, 1976), (Bury,
19753

-
M) = E(e %) v | e ¥f(x)dx (4.8)

S

for all real values of t.

The derivatives of M(t) permit an alternative and simpler way to

calculate the moments u't, For exampie, the first derivative of
Mit) is:

- M e
e xe" £ (x)dx {6.9)
i d -

At t=0, this derivative is seen to be& the expected value of x.

%
M 4o
s = J xf(x)dx = E(x) = , PRI TR (4.10)
it t=0 “-
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Similarly, the second derivative is the u'y, and generally, the

rth derivative is:

M ( o

By = B0t = (4.11)

i

The Cumulant Generating Function of a random varisble X. denoted
by n{t), is defined by (Patel, Kapadia and Owen, 1976), (Bury,
197%)

n(t) = log M{t) (4.12)

for all real values of t.

4.2 NORMAL DISTRIBUTION

As indicsted in section 2.2, the form of the probability density
function ts & bell-shaped curve (Fig. 1), and (s given by the
Gaussian probabilivy distribution (Johnson and Kotsz, 1970},
(Wetherill, 1972), (Mikhail, ' 6):

£(x) = Leoxpl=i/.1.xu)/0}?] (4.13)

where:
L= /(e v; (4.14)

It is obvious that the p.d.f. involves twe | .vameters {aenoted

by the Greek letters u and o) which must satissy

a >0 and AL O A A
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for the cass of a hypothetically infinite number of observations.
A normal distribution is comp.etely detarmined by the population
mean (u) o- expected value, which 15 a "location” parameter, and
population standard deviation (o) , which is a "dispersion” pa-
rameter. This distribution can be denoted by Ny, a?). The symbol

? is the wvariance of the population or the second moment about

4]
4, the positive square root of which 1w defined 85 the o This
1% expressed in the same unit of measurement as the observed

quantity. The deviations x-u are usually called the random (ac-

cidental) or cbservational errors

The limited number of actusl observations (of independent meas-
urements) will be considered asn a random sample drawn from the

infinite numbar of observations in the popuiation

The mean (X) and the variance (s7) of the sarple are estimates
of the population mean u and the population variance o of this
distribution. Diflerent samples yield different estimates, which

should not be confused with the theoretical values u end of .

H{x} e e
Commeiukive rtriution
L 43
X
-
Figure 8. The ¢ d.f of the Normal ¢ *ribution
The cumulative distribution function (¢ ¢ ¢« ° which i{s sometimes
called simply the distribution funit o < a function (for con-

tinuous variables) which increases gradoslly from zero at the
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left of the range, to unity at the right of the range, as is shown

in Fig. 8.

The c.d.f. of the normal distribution is given by tne formula:

Hix) = fixidg {4.15)

[
¢
4

whare f(x) is given by (4. 13).

4.2.1 THE STANDARD NORMAL DISTRIBUTION

1f the parameters of the normal distribution take the values:

w=o0
ot =y (4.16)

then this is called the normal standard distribution or
starclardised distribution (Table Al - Appendix A), and is denotad
by N(3,1). The p.d.f. is symmetrical about the zero and is given
by (Johnson and Kotz, 1970), (Wetherill, 1972), (Mikhail, 197e)
a8

flz) = (1/¥In)exp(-23/2) (6.17)

The normal distribution N(u,0') a@ay Ue transformed to a

starMardised normal distribution by the . bstitution:
2 m (x-u)jo (4.18)

The c.d.f. of N(0O,1) is written as follows:
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z
tz) = } f(z)dz (46.19)

-

where f(2) is given by (4.17)

4.2.2 MOMENTS OF THE NORMAL DISTRIBUTION

Substituting the p.d.f of the Norma! distribution {formula 4.13)
into formula (4.%), the Moment Generating Function for the Normal

random variable X becomes:
M(t) = expltu + tio?/2] (4.20)
[For a detailed description see Johnson and Kotz (1970)].

The first four derivatives «f M{t) at t=0, in combination with

the equaticons (4. 11}, (4.20) are given as:

o=

u'y = uteo?

u'y o= Buotey?

w'a = utebuloteiet (4.21)

Substitut.ng the equations (4.21) into (4.3), (4.4) and (4.5),

the moments about the mean becowe:
-
u, =o'
Wy * 0
¥y = do* (4.22)

Therefore, the cosfficients of skewness and kurtosis for the case
of the Normal distribution, according to equations (4.6), (4.7)
and (4.22), becoms:
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4.2.3 CONFIDENCE INTERVAL - CONFIDENCE LEVEL
The confidence interval is the region alout & sample s<atistic
containing the coerresponding population statistic,

The probability that a confidence .nterval will enclose the es-

timated parameter is called the confidence ievel (Yamane, 1973).

The following cenfidence regions are commonly used with the

normal distribution:

Pl ( u-co < x < u+co J | N(u,0%) ] (4.24)
3 Confidence interval Confidence level
1.000 Plu-g<x<uto) 0.683
1.%40 P{u~1.9600<x<u+1.9600) 0.950
2.244 P{p-2. 244 x<u+l. Qb)) 0.975
i,yﬁ?é P(u-2.5760<x<u+2.5760) 0.990

Table 1: Conf. interval - Conf. lavel of the N(u,0%)

For the standardised distribution, (4.24) becomes:
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{“ (p-coi-u {u+co) -y
P €z« | N
3 J 9
=Pl e o+ ozow e | ON(O1Y )
= 2H(c)~1 (5.25)
Table 1 shows the different confidence levels which arise from

different values of .

4.3 TRUNCATED NORMAL DISTRIBUTION

The Tiuncated Normal distribution {s defined in terms of a func-
tion of the p.d.f. of the Normal distribution, and the truncation
points sre based on the area enclosed within s Normal distrib-

ution,

1f the distributicen of a4 random variable x is doubly truncated
at points A and B and {s normally distributed within these limits
(Fig. %) {Johnson and Kotz, 1970), then the probability density

function is:

A -1
fix) = L'axp['llz((x-u]/a)’]{:f L exp(-1/2{(t-w)/0}?dt
B
-
(B-u)/o -1
= Leexp{-1/2{(x-u)/0)?] L exp(-z?/7)dz
(A-u)/jo
This may be written as:
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Probaisity;
oty

D e

Figure 3. Doubly Truncated Normal dystribution

11

fix) o= (1 m’i_vx‘mxpgﬁkz(ax“wr’a‘:’}l H{(B-w)/o]-H[(A-u)/0, t
|

= (1wl expl-1 2 (xui/0) 0} (4.26)
where ASx%B and

L= 1/tad2m)
w o= H{(B-ul/o-H{{A-ur/0]}

The H{(B-ujjo), H[{A-u}/o] denote the c¢.d.f. with (B-ui;u and

(A-u)/o as argument.

The ™acror W is essentially a scale factor which depends on the
truncation points. If (B-u)/o = (A-u)/o = 2.5%, then W (which is

calculated by the standardised statistic (A-u)/o with the con-

tribution of the Table Al given in Appendix A) is calculated as
Hi97.3) - H(2.53. Thus, Ww=0.9% It can be easily seen that the
p.d.f. of the Truncated Normal distribution {s similar to that
of the Normal one, and it differs cnly by the factor (1/W). The

shape of the Truncated Normal distribution will be symmetrical
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about the mean value (¥,=01. However, since the factor (1/wi-l
and appears in the formula (< 17), 1t means that the p.d. f. will
be more peaked [¥,~3 » Figure oGdy] than the shape of the Normal

one.

It & » »w, the p.d.f is singly truncated from above (at point
BY (Fig. 1Wa), and sf B » +«, the p d. f is singly truncatea from

below (a8t po.nt AY (Fig. 10by

Vigure 10 Singly truncated from: {a). above, (b}. below

The expected valus of x is given by the formula (Johnson and Kotz,

19765

Elxj = v +

[ zrcawire)-2((8-ur /0]
5 o {4.37)
&

H{(B-yu)/a]=H{{A-u)/o] |
4
-

and the variance cf x, by (Johnson and Kotz, 1970):

CoZ(ty«D 2Dy £o20C)-2iDy B

Var(x) = | 1 + - } ot (4.28)
Holy=HC) LR -HC)

where
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C = (A-u)/o and D = (B-u)/o
2(C), Z(D) are the ordinates of the standardised Normal
distribution.

In the particular case for

A-y = [«{B~u)| = & (4.29)

the eguations {(4.27),(4.28) become:

E(x) = u (4.30)
and
282(8)
Var{x) = | 1 - e ig? (4.31)
| 2H(8)-1
e

4.3.1 MOMENTS OF THE TRUNCATED NORMAL DISTRICUTION

The Moment Generating Function is similar to that of the normal

distribution.

The Truncated Normal distribution is symmetrical, and hence:

1, =0 (4.32)

The coefficient of Kurtosis is given by the formula {(4.7), where
Var(x)T is the variation of the Truncated Normal distributien
and, therefore, ¥, in this case is:

My ® Vur(x)T (4.33)

Considering that:
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Var(x)r = k-Var{x® (4.34)

and substir ting (4.34) inte (4.7)

My M
¥, = =
; H i 2
{war(x)T} [Var\x)N}
= (17T, (4,35}
(Normal)

Since ¥, of the Normal distribution (see formula 4 .23) is 3, then

{4.35) becomes:
¥, = (1K' 3
= {lf(Var{x)T}'f 3 (&.36)
because of (4.34) {Var(x)N = 1].

Using the formula (4.31) the variation of the Truncsted Normal

distribution is calculated:
1. For 9%% truncation points, where:
§ = 1. 960 {(formula &4.29)

Z2{dy = Z(1.960) = 0.0584 (formula 4.17)
H(d) = H(1.960) = 0.9750 (Table Al)

*Therefore:
var(x), = 0.7590 =
k? o= war(x)T}“ = 0.5761 ‘4.3

and using the formula (4.36)
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T, = 5.208 (4. 38)
2. For 97.5% truncatinn points, where:
[ tformula & 29)
Sy = 2001.980) = 00322 (formula 4.17)
H{d) = H{1.960) = 0 9876 (Table Al}
Therefors:
\'ar(x}r = 8518 =
k! = 1wz<mTl’ = (.7258 (4.39)
and using the formula (& 36}
T, o= 4135 (4. 40)
3. For 99% truncation points, where:
§d = 2.576 (formula &.29)
Zidy = Z{1.940) = 0. 0145 (formula 4.17)
H{d) = H{1.960) = 0.9950 (Table Al)
Therefore:
Vur(x)T = 3. 92465 -
k! = [Var(x),.]? » 0 8547 (& 41y
- T
and using the formula (4.36)
T, = 3,510 (4.42)
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-
H
From the values ¥, given in (4. 38, 4.50 and &.42), it is cbvious
that as the level of truncation points is decreased so the shape
of the distribution becomes more peasked.
4.4 INVERSE GAUSSIAN (WALD) DISTRIBUTION
The following formula is a srtandard form of the p.d.f. of the
Iuverse Gaussian distribution {Johnson and Kotz, 1970
fixiu,x) = fn<2xx’>)§exp{«xuw}’;{zu’x)] (4.43)
where x, %, u > 0.
This distribution involves two parsmeters: u which is a measure
of locstion and is in fact the population mean, and i which is a
measure of dispersion.
One of the slternative forms of (4.43) is:
fixju,#) = (umzu’n*expmupg-wzcox;wowx)} {4.4b)
where $=3/u.
? 4.4.1 ESTIMATION OF THE PARAMETERS
-
Considering n observations xl,xz., ,..x“ which have an 7 .verse j
Gaussian distribution of the form (4.43), then (Johnson and Kotz,
1970}, (Patel, Kapadias and Owen, 1976):
n
= (170 Ixg (4.45) %
i=]
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and
n
/h = 00 . L0 s YR (& 486)
nwl
Johnson and Kotz (1970) givas on "wpproxsogtely unbiased” esti-
mator of 1/% (similarly given in Patel, Kapadis and Owen,
{1976 vas:
1/h = g3/x? (4. 473
where:
i
st o= 1/(n~1) Z{xi-f)’ (46.48)
Fia
#{\\‘ and X is given by (4.45%).

4.4.2 MOMENTS OF THE INVERSE GAUSSIAN DISTRIBUTION

The Moment Generating Function is (Johnson and Kotz, 1970),
(Patel, Kapadia snd Owen, 1976):

5 . M(t) = exp| (Mu) | 1-{(Hu’t)/k}9 j (6.49)

o
and the Cumulant Generating Function is:

4

n{ty = Oy | 1-(+2ute/0)7 ) (4.50)

Therefore, the first four cumulants according to (4.50) are:

Ky =y A ]
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Ky = w'/)
K, o= 3ut/a?
Ko = 15u"/)? (4.51)

However, the relation between the cumulants and central wmoments

is:

Ky = 4,y
Ky = uy
Ko = uy - 3yt (4.52)

Using the squations (& 51),(4.52), the following central moments

Are:
by = Var{x) = u'/i
Wy = Jut?

My ® 15uT/AT o+ 3t (4.53)

Therefore, the coefficient of skewness is:

3
oo™ uy/uy /2
SETOVES (6.56)
and the coefficient of kurtosis {excess) is:
¥y = Vg!“.‘
= 15u/% + 3 (4.5%)
A :Ecinl case of the Inverse Gaussian distribution with u=1l, is "

the Wald distribution (Fig. 11) (Johnson and Koty K 1970).

From the above Figure, it can be seen that as the ratio \/u (with
¥ fixed) is increased so Lhe Wald distribution tends to a Normal

distribution.
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Figure 11. Wwald Distribution

4.% DISCUSSION ABOUT DISTRIBUTIONS

In this chapter, the mathematical forms of the following dis-

tributions have been given:

° Normal distribution
e Truncated Normal Distribution
° Inverse Gaussian (Wald) distribution

T' 2 reasons for the selection of these distributions are dis-

cussed below:
-

1. Normal distribution: The use of the Normal distribution
(Figure 12) {s very prominent i{n survey and is by far the
single most important probability distribution in statistics

for the following reasons:
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Tigure 12, Normal - 95% Truncated Normal - Inverse Gaussian
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This distribution has been thorough’ r studied and tabu-
tated s that it is very convenient, shen data can rea-
sonably be assumed to be normal, to use existing theory
and tables. Therefore, the Normal distribution is, gen-

erally, the simplest to work with.
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b. 1f a large random sample is taken from some distribution,
then even though this distribution is not i.self approx-
imately normal, as a consequence of the Central Limit
Theorem, it can be noted that many important functions
2f the observations in the sample will have distributions
which are approximately normal. In particular, for a
large random sample fiom any distribution that has a fi-
nite variance, the distribution of the sample mean will
be approximately nor al.

¢. Many statistical techniques based upon the Normal dis-
tribution are available, and are applicable for data that
sre approximately normal. These include the X* test, the

Student’s test, the F test.

2 Truncated Normal distribution: The Normal distribution is
generally used as a good approximation for the distribution
of the residuals associsted with survey measurements. This
distribution displays both the central and symmetric proper-
ties exhibited by the residuals.

The Tru sted Normal distribution is similar to the Normal
distributior and permits the properties mentioned above. It
has thercfore been selected as & viable slternative to the

full Normal distribution.

In other words the underlying distribution is at first

"Normal”, and secondly its tails are cut or truncated. This
means tihat the Truncated distribution (Figure 12) carries
BOTe Or less the same properties as that of the Normal, e.g.
.;‘=0 for both of them, since the p.d.f of both them are ap-
proximately the same (see fcimulae 4.13 and 4.26). Conse-
quently, sowe of the reasons which lead to test this
particular distributiern {n this dissertation are similar to

the ressons for the use of the Normal distribution.
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The truncated distribution implies that data lying beyond the
points of truncation are not accepted as coming from the
population specifying the distribution. These data are,

therefore, regarded as being inadmissible,

There is indeed precedence for this approaci in surveying.
For the meesurement of directions with a single second
theodolite & residual of one degree would be discarded as
being & blunder. $imilarly, e residual of thirty seconds aay
be treated in the same manner. These data points are excluded,
as they are ascribed to & sample from data best described by

an alternate distribution, or as blunders.

The selection of the points of truncation, or cut off points,
is defin:tely 8 grey area in the determination of the trun-
cated distribution. It will, therefore, be approsched from
the fit of the mctual dats to an hypothesised distribution
in order to select the "best" distribution to describe the

data.

3. Inverse Gaussian distribution: The shape of this distribution
is showed in Fig. 12. It must be noticed again that, since
the Inverse Gaussian is defined only for x>0, the data have

been transformed by the addition of a constant, so that the

zerc represents the mean value of the this distribution.

This distribution seems to be quite useful because 1its pa-
rameters (u, % which are the messure of location and the
measure of dispersion, respectively) are specified directly
-;;ow the observations, and consequently the p.d.f. is deter-
mined thoroughly by them. This is similar to the case of both

Normal and Truncated Normal distribution.

In addition to this, snd as can be seen from the Figure 11,

the Inverse Gaussian distribution looks like a French curve

and {s not, generally, symmetrical about the mean [¥,>0 ac-

ﬁ;'?
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cording to formula (4. 54) since V,3>0] as opposed to the other

distributions.

At this point, it must be poted that ‘n the snalysis of dava,
it has been decided to study separately observations of 2 and
4 drcs. The residuals of 2 arcs, according to the described
method of the reduction of theodolite chsevvations (sections
3.4.1 and 3.4.1.1) are symmetrical about the mean, and hence
the Normal or the Truncated Norwal could be the best
distribution/s However, for the residuals derived from 4
arcs, although the mean of them i3 zerp, symmetry is not im-
plied This means that there may be more residusls situated
on the left or on the right side of the mean. In other words,
since the coefficient of Skewness is not necessarily equal
to zero, it was decided to test an alternate set of distrib-
stions that could exhibit asymmetrical properties. The dis-
tribution selected s the Inverse Gaussian (Wald)
distribution, the cumulant generating function of which is
found to be in inverse relatiouship with that of the Gaussian

distribution {Johnson and Kotz, 1970, p.138).

After the above discussion, s question arises. Are these three
distributions the only ones which could fit the residusls? The
answer s negative because there are many other distributions
which are considered to be a good approximation to the Normal
distribution provided the number of the observations i{s large.
For example, the X! distribution and the t-distribution may be
examined as they are assymptotically normal. Apart of them,
Johnson and Kotz (1970, pp. 53-59) suggest a series from dis-
Lrﬁb:twmna which may be good approximations to Normal distrib-

ution.
However, it was not possible to select a large number of d-s-
tributions to be tested for the purposes of this dissertation.

The selection of the the Normal, Truncated Normal and Inverse

Gaussian distributions was decided upon in conjunction with K.S.
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Milford of the Department of Surveying (University of the

Witwatersrand).
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5.0 STATISTICAL INFERENCE

5.1 STATISTICAL TESTS

Statistical tests are incressingly applied in engineering and

science.

The objective of 4 svatistical test is (o evaluate an hypothesis
concerning the values of one or more population parameters. In
testing, one seeks a judgment 5% to whether some estimator func-
tion iy censistent with the assumption (hypothesis) that the
sample was drawn from & population - .th specified parameter val-
ues, such as 4 normal distribution with 8 given standard deviation

0.

The null hypothesis, indicated symbolically as Ho , describes
the hypothesis to be tested. Thus, Ro will specify hypothesised

values for one or more population parameters,

To test whether the null hypothesis is consistent with certain
data, some alternative hypotheses HA are implied, although the

knowledge of thes {s usually very vague.

The entire set of values that the test statistic may sssume s
divided {nto two sets or regicns, one corresponding to the re-
jection region and the other to the acceptance raglon. If the
stnt;;tic computed from a particular sample assumes a value in

the rejection region the null hypothesis H, is rejected and the

0
alternative hypothesis is accepted. If the statistic test falls
in the acceptance region, the null hypothesis {s sccepted and the

decision {s in favour of the null hypothesis.
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5. 1.1 LEVEL OF SIGNIFICANCE AND TYPES OF ERRORS

The level of significance a 14 the probability (e g 3%) that the
null hypothesis }€> will he rejected vven if 50 1% correct.
L

The rejection of the null hypothesis when (4 18 true (wrong re-
jection of a true hypothesaist, s called a Type | error (Fig.
13). That s, the risk of Type | ervor is a (the level of sig-
nificance’  This level is arbitrdry, bat should be chosen when
the experiment 1s Jdesigred

Whaen 1t ts amportant oo guard agdanst Type 1 errors, a level of

1% or 0 1% 15 used

The faiiure o resect a false hyporhesis (wrong ascceptance of a
talse hypothesin), 13 called Type 11 error, and is denoted by B

tFrg 13 (Urow, Davis and Maxfield, 19603, (Mikhail, 1976).

AocEpiann regron R soutson region

e —

Avept My —oospeo - Repet Hy (acoeps Hy)

T

| Fuu’m 1 Type 1 errnr - Type 1! error - Omne-sided test

i

Figure 13 tllustrates that for a certain alternative hypothesis
HA‘ it is not possible to wake both s and B arbitrarily small.
Increasing the probability for a Type 1 error decreases the

probability for a Type Il errvor and vice versa
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While the Type I error can be limited by propeily choosing a level
of significance, it i{s impossible in many practical cases to avoid
risking Type Il ervors by simply not making them. In such canes
there are graphs showing the probabilities of vype 11 arrors under
various hypotheses which are called operating characteristic
curves or OC curves These indicate the power of a test
(Gpiegei, 1975), (Mikhatl, 19763, which s designated by 1-8 and
it shows the way to avoid making wrong decisions (1o minimise Type

11 ervorsy.

To test the pull hypothesis iig} against the alternative one }{A,
two different tasts are available:

1. The one-tail or one-sided rest (Figure 13}

The two-tail or two-sided test (Figure 147

! ;
i
£, # )
Reect H, Acvept Hy + Roet M

Figure li. Two-sided test

5.2 DEFINITION OF A MAXIMUM IKELIHCOD ESTIMATOR

The important concspt of the maximum likelihood estimator will
be briefly reviceed {n this section, as it {s required in the

subseguent analysis.
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Suppose that the random variables X}‘XQ,,, ,)(n form a random
sarple from 4 discrete or a continuous distribution for which the
p.d.f. is f(x|r), where the parameter r belongs to some parameter
space . For any observed vector )(‘u=(xl,x3!.w ,x“fi in the sample,
the p.d £ will be denoted by !n(l r} and is called the hikelihood

function.

Furthermore, suppose that the probabilitvy fn(‘ft’) of obraining
the actual observed vector X is very high when r has & parvicular
value, say r=2r,, and {s very small for every other value of ref.
In other words, for any given observed vector %, & vaslue of r
15 considered, for which the likelihood function fn{lir) is &
maximum, and congoeguently this value {r) is used as an estimate
of v, The estimator © is called the Maximum Likelihond Estimator

or MLLLE. of v (Bury, 1975, tMendenhall, 19797,

The value of r which maximises the likelihood function fn(xu')

is calevlated by setting the first derivative of this function

to zero. That is

. 1€ (xiryj
1
s 8 () (5.1)

3 i §r

provided

a’zfn(x:m)
e () (5.2)
3y

-

It should be noted that in some problems, the maximum value of

fn(xvr} is obtained for some r¢fl, and therefore, the ? does not |
exist. In some cases, the maximum value may be obtsined at more
than one point in space §Q, and in =uch a case, the ? is not
uniquely defined. However, in most practical problems, the M.L.E.

exists and is uniquely defined.
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5.3 METHCDS OfF STATISTICAL INFERENCE

The techniques of statistical inference can usually be sub-
divided into two separate classes, namely parametric and non-

parameiric intarence. These two approaches are described below.

If the observations which are available come from distributions
for which the exsct form (s known, even though the specific values
of some parameters “re unknown, it is said that these observations
come from a certain parametric family of distributions (Silvey,

1973) and & statistical inference must be made about the values

of the parameters defining that family In other words, the
parametric problems, and consequently the parametric methods, are
involved with situations where the appropriate probability dis-
tribution on the sample space of the mathematical model is known

apart froe the values of & finite number of unknown parameters.

- Or the othar hand, problems (n which the possible distributions

of the cbservations are not cestricted to a specific paramstric
? ' family are called non-parametric problems, and the statistical
) methods that are applicable in such problews are called non-
parametric methods (S{lvey, 1975), (Lippman, 1971), (Blum and
Rosenblatt, 1972), (DeGroot, 197%).

Non-parsmetric methods arise naiurally when the statistical model
is not well developed and it iz not possible to select & specific

parametric family. That is, the availasble observations do not

come frow & particular parametvic family of distributions and,
-
therafore, Jarge families of possible distributions may be in-

volved in the ncn-parametric theory. ;

The parametric mechod {nvolves stronger assumptions about the f
family of possible distributions on the sample space than the 1
non-parametric method. However, these assumptions may not be

verifiable, and thus, the non-parametric approach is often more
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realistic. For example, it would be more realistic to assume
simply that the observations form 8 random sample from a contin-
uous distribution, without specifying the form of this distrib-
ution any further, and then to investigate the possibility that

this distriburion is, for example, a normal distribution.

Following from the previous discussion, the use of a non-
parametric mathod for statistical inference in this dissertation
is justified since the purpose of this resesrch is to test not
only the Normal distribution for suitability to describe the ob-
servational residuals, but to examine some other distributions
(Truncatsed Normal and Inverse Gaussian) under the same assump-

tions.

5.4 TESTS FOR NON-PARAMETRIC PROBLEMS

Although many tests (Silvey, 1975), (DeGroot, 1975), (Blum and
Rosenblatt, 1972) may be constructed for the testing of hypoth-
eses, only the two most commonly used tests will be considered.

These methods are:

1. The Chi-Square goodness-of-fit test

2. The Kolsogorov-Seirnov tost

The e Lests may be applied to solve the following non-varametric

proﬁ}eu which {s essentially the purpose of this dissertation.

1% is required to test the simple null hypothesis that the unknown
distribution function F(x) {s a particular continuous distrib-
ution function F'(x), against the general aiternative that the

actual distribution function is not F'(x). That is:

. = ' P »‘
"() ¢ F(x) = F'(x) for X < 4w W
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HA : The hypothesis HO is not true (5.3)
This problem is non-parsametric since the unknown distribution
f » which the random sample {s tawen might be any continuous

distribution.

Tests which determins (Lippman, 1971)

“whether or not the particular probabilistic sechanise ... under
considerat fon is the appropriate sathematicsl model for & given

ravdom exper iment"
are called goodness-of-fit tests.

In the following sub-section the Kolmogorov-Smirnov test and the
v! goodness-of-fit test are briefly reviewed. The Chi-Square
goodneys-of-fit test has been applied ("HI_DI_TEST" computer

program) and, consequently, will be considered in wore detail.

5.4.1 THE KOLMOGOROV - SMIRNOV TEST

Suppose the random sample Xy oo aky is from a continuous dis-
tribution. Since the observations come from a continuous dis-
tribution, there is probability zero that any two of tae
theoretical values will be exactly equal. Order the sample to be
x(l):"‘(z)("”qfﬂ)' and let Fn(x) be the sample (empirical) dis-
tribution function defined by [see for exampie (Silvey, 1975),
{(DeGroot, 197%), (Bury, 1975), (Blum and Kosenblatt, 1972)):

Fn(x) = for x<x“)
N = k/n for x(k)SX<x(k4l) , k=1, . .. ,n-1)
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i
] for x(n>5x (5.4)
Then, this test ugses the following statistic (Silvey 1975),
(DeGroot, 1975):
Dn(x) = sup Fn(x)‘!‘ {x) {5.5)
e =3
where:
the operator "sup” implies the largest values
Fﬂ{x) : the sample distribution
F'(x) : the hypothesised distribution function
Dn(x) ¢ the absolute maximum difference between Fn(x) and
F'ix)
From the above equation it follows that the value of Dn(x) wil?
tend to be small if the null hypothesis HO is true and will tend
to be larger {f the actual distribution function is differant from
Flix:
M.H. DeGroot {1975) states thatv:
"It is convenient to express the test procedure in terms
of n*Dn{x}. rather chan sieply Dn(x}, because of the fol-
Jowi~, result, which wa, established in the 1930's by A.N.
Kolpogorov and N.V. Seirnov:
ﬁ . ‘It the null hypothesis #, is true, then for
any given value 1<0: »
-
(o1 -72i%¢2
lim ?r(ngf)n!X)St) = 1.2 L (-1)" L2t o Hit) row (5.6)
i=1
Thus the proposed test procedure for the hypothesis (5.3) is to ¥
reject HO. if (Degroct, 1975}, (Bury, i975)
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oy v e (5.7)
n

where ¢ is an appropriate constant and can be chosen from the
values of H(t) (given in Table A3) to achieve, at least approxi-

mately any level of significance a.
From the above consideration and in combination with eguation

(5.4), it is evident that the Kolmogorov-Smirnov test is a one-

saded test.

5.4.2 THE CHI-SQUARE GOODNESS-OF-FIT TEST

i' An a:ternative approach to the problem specified by the hypoth-

esis given in (53.1) is to use X goodness-of-fit test.
“ For better understanding of this test, it is necessary to raview

the X? distribution, related theorems, and K. Pearson's approxi-

mation which is used in the applicsation,

5.4.2.1 Definition of the Chi-Square distribution

1 ’ Given a sequence of normally distributed random variables
Y1,12:4.4.Yn with mean and variance:
2
E(Y) = u N Var(Y) = ¢ (5.8)

The variables may be standardised using:

)(i = (Yi-u)/o (5.9)

jES——
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o

where, X then will be normally distributed with mean and vari-
i

ance:
E(X) =0 \ Var(X) = 1 (5.10)
The following statistic u

2 3« ¥ X 5
=
u Xl XZ A (5.11)

has a X! distribution, with the density function (Yamane, 1973)

given by:

- i AR
flu) = [1/(n/2-1y 12T/, (/B0 - (1/2)u 51

for 20, and (n/2-13! = T{n/2y (Mikhail, 1976); n is the number
of independent random variables that are summed and the distrib-

ution has n degrees of freedosm.

The mean and variance of a X distribution of n independent random
variables are given by (Mikhail, 1976), (Yamane, 1973):

E(X') = n (5.13

Var(X?) = 2n (5.14)

%.4.2.2 The Chi-Square table

The probability of the computed vaiue lying within a given region
can be obtained from the X! Tables (Table A2 - Appendix A) for a

selected significance level.
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Figure 15. The Chi-Square distribution
5.4.2.3 Additive nature of CThi-Square distribution
f The sum of K independent variasbles X“ each being X! distribu-ed
with n degrees of freedom. is also X! distributed. Thus:
7 2.2 2
- Xywkye %

2 ; e
will alsc be distributed as a ¥? distribution with n “2“”‘“1(

degrees of freedom {Yamane, 1973).

5.4.2.4 K. Pearson’s approximation

K. Pearson has shown that a discrete multinomial distribution may 1
- i

be transformed in order to spproach a X! distribution as n =+ =.

Given an experiment with K events EK'EQ""‘EK and assume that
the probability of an event Ei occurring is Py Let Ni be the
number of occurrences of the event Ei’ The joint distribution of
Nl’NZ‘ e ’NK
function (Yamane, 1973):

is called a sultinomisl distribution with density
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K. Pearson has shown that if (Lindley, 1970}, (Yamane, 1973):

Nx-npi
Xi e (5.16)
(npi)!
and
F 2
u = )I[1 ﬂ(z M..#Xn (5.17)

then the distribution of u approaches a X distribution with K-1
degrees of freedom as n becomes very large {Lindley, 1970), (Wolf,
1962), (Yamane, 1973), (Bury, 197%), (DeGroot, 1975).

How large sust n be {n order to assume that the u is approximately
distributed as a X! distribution? Most authors (Crow, Davis and
Maxfield, 1960), (Wolf, 1962). (Lindley, 1970), (Yamane, 1973},
(DeGroot, 1975), (Bury, 197%) state that when npizS, the X? dis-
tribution may be used a8s an approximaticn. When anCS. it is
necessary to combine the smaller groups {ato larger cnes, so that

the condition npizS is satisfied.

Pearson proposed the following statistic:

-  }

¥ (n1 npi)
Q=1 —
g=1 PPy

(5.18)

which may be writtern as (Crow, Davis and Maxfield, 1960),
(Lindley, 1970}, (Yamane, 1973}, (Bury. 1975), (DeGroot, 1975):
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(5.19)

whera ()i is the observed and L is the expected class frequency.

Thus, the data are divided into class intervals. The number Oi
of sample values falling in the ith cless intervai is recorded
and the expected (theoretical) ey value of the corresponding
class interval {s calculated using the p f of the hypothesised
distribution. If eiZ‘S, the gquantity (0‘1-«91)'/0i for the specific
class interval is calculgted. Alternatively, for e.<5, a "new"
class interval imerging the smaller groups into larger ones) is
created, so that exzsA Thereafter the statistic Q is obtained
using the formula (5.19). [t (84 (where d is a constant taken from
the Table A2z and is sirongly assocliated with the selected level
of significance), it implies that the null hypothesis is accept-

able, ctherwise the KO is not true.

As it can easily be seen, J may be considered as a measure of
discrepancy. Thus, if the sample distribution is {dentical to the
hypothetical distribution), ¢=0. As the discrepancy becomes
ljarger, so the ( statistic increases. That is, the sample dis~
tribution is more consistent with the hypothetical distribution

as the Q value calculated according to (5.19) hecomes less.

The null hypothesis and the slternative hypothesis against which
it i3 to be tested must be stated. As an example, it may be re-
quifd to test that examination scores are normally distributed
against the alternative that the distiibution of examination
scores is not a normal random variable, but sowe other given

random variable.
It {s, then, necessary to classify each possible ocutcome of the

random experiment into one of K classss or cells: that is, the

sample space of the random experiment is partitioned into K
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events. The partitioning of the outcomes may be dictated by the
observations themselves. Alternatively, some criteria wmust be
sought for the classification. For instance, in the case of the
die, the sample space is partitioned into K=6 cells, since the

number appedaring cn the die can relate directly to the cell.

The hypothesis can then be restated i{n terms of the partition.
It the probability that the outcome of the random experiment is
Py in cell 4, and pi’ is the probability when the null hypothesis
is$ true, then {(Lippman, 1971), (Yamane, 1973}, (bury, 1975},
(DeGroot, 19753

i '
H()‘ pimp‘ ., 151X and

H o px“pi' for some i, 1$isK (5.20)

M.H. DeGroot states that

"This probiem of testing hypotheses is not & nonparametric
probles becsuse the possible distributions of the observae-
tiors are indexed by the psrameter vector (pl,u<,pl).
Nevertheless, the procedure ... is often regarded as a
non-parametric werhod because, as we shall see, w»any
nonparsmetric problems of testing hypotheses can be reduced
to problems i(n which hypotheses of the sbove form are to
. be tested.”

The scceptance or rejection of the null hypothesis is then based
upor;gh« significance level of the test. Due consideration tis

given to the probability of making a Type 1 or Type Il error.

It is reasonable, therefore, to base a test of hypothesis (4.18)

%
i

on values of the differences (O‘wi) for i#1,2,...,K and to reject

"0 when the magnitudes of these differences are relatively large.
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From the discussion which has already been presented, it implies
that MO should be rejected, when >d. Thus,the X! test is carried
out at a chosen level of sighificance a, d is the selected, so
that PriQ>dima, whan @ has a X' distribution with K-1 degrees of

{reedom.

The test has been designed to assess the it of the distribution
and wili not be concerned with the fit being "too good". As a

result, only & one tailed-test will be used,

5.4.2.5 Degrees of freedom

In oraer tc determine the degrees of freedom for the X!
goodness-of-fit test, it is necessary to consider this concept
.}Z,‘ in more detail.

Suppose that n independent observations X; % sX, are to be

gree
taken and that the range of them is divided into K successive
intervals with probability Py that any particular observation
will be of the sub-interval i (i=1,2,... ,K). That is, esach of

these intervals includes N (i=1,2,...,K) observations.

Pearson showed that {f the hypothesis Ho of (5.20) is true, then

the density function of Q converges tu tha density function of
the X! distribution with K-1 degrees of freedom as the sample size
n*--(r‘(amane. 1973), (DeGroot, 1975), {(Bury, 1973). »

Consider again the same problem, but instead of testing the simple

null hypothesis that the parameters PPy oPy have specific

B i

vaiues, let HO specify that the parameters N be re-

presented as functions of a certajs number of parameters. In other

words, the probability P, (i=1,2,...,K) is suovstituted by the
function p‘(r), where r {s the vector of parameters %
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(fl.r,..‘.,rs). Therefore, the null hypothesis (5.18) can be
written in the following new form (Bury, 1975), (DeGroot, 1975):

. =1,2,...,
1'!0 : p]&pi{r) for i=l,2, K

HA : The hypothesis HD {5 not true (5.21)
In this case, the formula for statistic Q (5.18) is mocdified by
replacement of the factor npy by npi(?}. where denctes the
M.L.E. (Maximum Likelihood Estimators) ol the parameter vecror r

based on the observed nuabers N,‘,N 'NK' That is (Bury, 19753,

,‘2, PN
(DeGroot, 19753

Qo emeenann e (5.22)

R.A. Fisher [see for example, (Lindley, 1970), (Yamane, 1973),
{DeGroot, 1975), (Bury, 197%)] showed that if the null hypothesis
HO i true and certain conditions are satisfied, then the density
function of  converges to the dersity function of the X' dis-
tribution with (K-1)-§8 degrees of freedom as the sample size

.

Therefore, the distribution of Q will be appioximately s X* dis-
tribution when the sample size n is large and the Ho is tyue. Te
determine the number of degraes of freedom for the hypothesis
v5.21), the § must be subtracted from the number K-1 used for the
hypd®hesis (5.20), brcause § parameturs (rl.rz,“‘.rs) Are esti-
mated when the observed number Ni compared with the expected
number np,(?). For example, in the case of Normal distribution,
the parameter vector r is the two-dimensional vector r(u,o') be~

~ause the unknown parameters are the mean (u) and the variance

(a?).
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It is important to note that in order to calculate the value of

the statistic Q defined by (5.22) the M.L.E.'s v and ¢! must be

found by using the numbers N}'NQ" 'NK of observations in the
different sub-intervals, and should not be found by using the
observed values of LINEITRRRNE W themselves. However, this is not
generally applied be © of its complexity. In addition, the

M.L.E. 's of y and o' based on the n observed values LIRTERNE N in
the original sample are simply the sample mean ;n and the sample
3

variance of the mean s, in.

If the null hypothesis HO i5 true and the vector r is estimated
by maximising the likelihood function of r, then the statistic Q

given by (5.22) will have approximately a X* distribution with
df = K-1-8 (5.23)

where:
K : the number of groups (cells)
$ © the number of ths unknovn parameters (the number

of restrictions on the theoretical distribution)

On the other hand, if HO is true and the M.L.E. of r is found from
the n observed values XyoXoo X in the original sample, M.H.

DeGroot (1973) states:

"In 1954, N. Chernoff and E.L. lLehmann establisbed the
following result. If the N.L.E.'s ;n and Jn'/n are used to
calcuiate the statistic ¢, and If the null hypothesis ,0
ig true, then as n » w, tha density function of § converges
:; a . f. which lies between the d f. of the X* distributjon
with K-[-§ degrees of freedom and the a/fference of the X*
distribution with K-] degrees of freedos =

That is:
1f V\K-l-S) $Qs V(K-l) + distribution {s consistent (5.24)
STATISTICAL INFERENCE 88




where:
v(K-l-S) . the corresponding value for K-1-§ degrees of
freedom taken from Table A2 (Appendix A), for
a given significance level o
V{K-ll the corcesponding value for K-1 degrees of

freedom taken from Table A2 (Appendix A}, for

a given significance level a

In other words, the appruj:tate tail area lies somewhere batween
the tail area round from the Table AZ of the X* distribution with
K-1 degrees freedom, and the larger tail area found from the same

Table of the ¥* distribution with K-1-5 degrees of freedom.

The interpretation of (5.24) is that if the statistic Q is greater
than the corresponding value of Table A2 with 4f=K-1-8, it does
not mean that the postulate distribution is not consistent with
the data. However, if Q is less than the corresponding value of
¢ f=K-1~% the hypothesised distribution is definitely consistent

with the dats.

It remsins to determine 5. As has bean stated, S is the rumber
of unknown paraseters which defined the p.d.f of the distrib-
ution. If, before the experiment, the distribution function f(x)
to be tested is coopletely specified, then 5=0. Therefore, the
degreess of freedom simply will be given by df=K-1. However, if
the typs o: form of the distribution f(x) to be tested can be
specified, but £(x} cannot be specified completely, then 5 stands
for the number of quantities necessary to complete the specifi-
cation,

- -
In the case of this dissertation, where three Jdifferent distrib-
utions are tested for their validity, the number of parameters
for each of them is 2, the mean u and ' e standard deviation o
(for Normal and Truncated Normal) or the dispersion X (for Inverse
Gaussian). Under this assumption, the value of § would be 2.

However, since the mean (6) vl the residuals are known to be zero
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4 priori, .t implies that the number of the unknow.a parameters
1s reduced to 1 {$=1). In this research, the data has been ana-

lysed with:
§ =1 , df = K-2 and

if ) Qs ~ distribution is consistent (5.25)

Vik-z (K-1)

At this point, it must be noticed that the Tables 4 and 5 compare
only the statistic Q with the theoretical (expected) veluas which

correspond to K-2 degrees of freedom, and not with those of K-}

degrees of freedom. In other words, the pessimistic value of df
= K-2 is scamined since in the most of the cases ali of the dis-
tributions are consistent considering the worst case for the de-
grees of freadom. These Tables will be considered in more detail

in Chapter 6.

5.5 MORE DISCUSSION OF THE TEST PROCEDURE

There is often uncertainty as to whether or not a pirticular
probability distribution is really appropriste. For thise spe-
cific problems (non-p..smetric), & hypothesis as stated in (5.3)
should be considered and a certain procedure test should be fol-

lowed.

In this specitic case, no altecnative hypothesis is specified,
-

ar?, as & result, {t is the acceptance or rejection of this hy-

pothesis that is under {nvestigation. Simply, the test shows

whether tie selected distribution {s consistent or not.
Two tests which relate directly to the sclution of this probles

have been referred to and discussed in the previous sections of

this chapter. These are the "Chi-Square goodness-of-fit" test and
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the "Folmogorov-Smirnov". Additional tests that could be used are
the "Wiicoxon” or "Mann-Whitney' test (Silvey, 1975), (Blum and
Rosenblatt, 19723, (Green and Margerison, 1978), the "Sign’ test
(Green and Margerison, 19781, (DeGroot, 1975), but these tests

are not directly applicable for this dissertation.

The selection of the Chi-Square goodness-of-fit test (which re-
quires that the observations to be grouped into a finite numb. r
of intervals) against that of the Kolmogorov-Smirnov test (which
can be applied directly to any data with no need to dicscretise)
has been based on the iecommendations »f several authors, namely
E.L. Crow, F.A. Davis and M.W. Maxfield (1960) who refer to the
“supreme" Chi-Square goodness-of-fit test, and P. Van{cek (1987)

whe staves that

“The main objective of the Y' goodness-of-fit test is to
test if the his‘ogram is compatible with & postulated
probability density function, usually the normal. This Iis
4 crucial test because all the other tests are based on the
assumpt for of norsality. But ihe test itsell Is equslly

'

valid for other probability density functions.
In addivion, K.V, Bury (1973%) states that:

"The two tes.s are comparable in terms of power,
The degrees of freedom are computed according to the formula
(5.25) for 8=1, since the unknown parametar of the distribution
fungf}on f(x) is o (Normal, Truncated Nowmal distribution) or 1}
(Inverse Gaussian distrilution); the mean U=0. The o or } is ob-~

tained a3 an estimate from the experimental data.

The orogram for the Chi-Square test (HI_D1 TEST) is given in Ap-

pendix G (Volume 1)
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€.0 RESULTS

6.1 DESCRIPTION OF SURVEY "BSERVATIONS

6.1.1 GENERAL INFORMATION

The data used in the computer analysis consistec of observations
abstracted from the survey at the "de Hoek Wor's' (Piketburg,
Cape}. In total. eleven cycles of cbservations have been carried
sut a4t these works, but only the eighth cycle is used in this
dissertation This cycle was observed in January 1980 by Prof.

i.B. wWatt.
The data are to be analysed separately in terms of:

1 Observations relating from and to the contrel network cnly
2. OCbuasrvations from control beacon to face points

3. Size of samples

The discrimination between control and face points (s necessary
because of different properties in the targeting and centring
relating to each of these aspects of the survey. In addition to
this, both of these groups are sub-divided into observations of

2 and & arc samples.
-

The Figure 16 shows a part of the "de Hoek Works™. It is important
to note that the difference in h»ight between the top, and the
bottom of this pit is over 100m (Prof. 1.B. Watt, personal com-
munication). The atmospheric conditions in the lower part of the
pit often differed fros those across the top of the pit, and

hence, it was decided 1o separate these two classes of observa-
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Figure 16 A view of a part of “de Hoek Works”
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tions. In addition, the targets used for the control points and

face points were also diffevent {(see Figures 17, 18 and 19).

6.1.2 MORE SPECIFIC INFORMATICN

Instrumentation: The equipment used to take the observations

at the "de Hoek Works' was the following:

o Directions (horizontal angles): KERN DKM3
o Nertical angles: DKM2

o Distances: Tellurometer MAICO

Targets: Tw. tifferent types of targets have been used for
contrel points.

o Zeiss rarget (Fig. 173

o Wild target (Fig. 183

These targets were placed on the concrete pillars ss shown

in figures 17, 18

For the face points & partern (illustrated in Fig. 19) was
used. For the pattern a hole is drilled into the rock 4nd an
iron bar was placed tnside the hole. The iron bar is concreved
into pesition and painted white, while the surrounding con-

crete is painted black This allows for easy identification.

-

The centring error for the theodolite is negligible for both

the control and face point surveys as ‘orced centring has been

used,
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Figure .7 Zeiss LATERL for control points
-
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Vigure 18
-
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Figure 19

Targeo for

face points

6.2 TECHNIQUES USED IN THE TREATMENT OF THE DATA

Two romputer programs have been written for dissertation pur-

poses These sre
1 The "THED" grogram for the reduction of theodolite cbsers

vations and far the ralculation of the observational resi-
-
duals, and
2 The  CHIDI TESTY

test

whioh  tasts using  the  Cair-Squave

gondness-of-fit some diwiyibutions for their validivy

for the residaals

An analytical explanstion of the treatment of the data used in
the computer programs follows 1n the next sub-sections,
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Figurae 19 Target for face poincs

6.2 TECHNIQUES USED IN THE TREATMENT OF THE DATA

fwo computer programs have been written for dissertation pur-

poses Thesa are

1 The "THEO" program for the reduction of theodolite obhsere
vattons and for the cateulation of the ohssrvational resi-

L
duals , and

(S

The "HE_DUTEST"  which  tasts tusing  the Chi-8quare
goodness-of-{it test) wome distributions for their validity
for the restdials

An analytical explansation ot the treatment of the data used in

the computer programs follows in the next sub-sections.

Re LTS 98

o«  amk kvl e . %ea




6.2.1 DATA

The data uscd in the first computer program (THEO") are part of
the sheeryat ions taken at the (de Hoek works” by Prof. 1.8 Wate.
These sets of observations are given in Appendix E - Volume II.

Figure 20 15 a diagram of the control points and shows the ob-

served directions (a gvagram with the topography of the area s
not available). As has been referred to in sub-section 6.1.1, the
observations have been divided into two categories {from and to

control posnts, and from control points to face poincs).

It will be noticed that Figure 20 shows addivional points, such
as Y, W, V, which have not been included in the network as the
data were not available. This dissertation deals with observe-

tions taken from wontrel points:
7 A.B,C.D.E.F.GNO,PQ

Marny of the control peit.s were occupied several times, and an
additional number was given to these stations in order to dis-
tinguish between different samples of observations. Thus, for
example, observations at Al, Al, ... denctes that measurements

were made on different davs or at different times from point A.

An additional point, POL, was used as an R.0. for the observations

at many of the control points.

Briefly, the two “atsgorias are:
-
3 From control points to contrel points:
(AB.CL,DLEFLGONOF,0) + (ABCDEF.G,N,0,P,Q POLD

° From contronl puints to tace points:
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position at "de

the control points’
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Hagroam
Hoek wWorks'

Figure 20.
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Cartain of the control points have been included in the subset
af observations Jdealing with the face ponts. These ontrol

viines were noluded in o the arcs 4. points for orientation,
¥

8.1.2 CALCULATION CF OBSERVATHLNAL RESIDUALS

The thecdolite ohaervations sre reduced sccording to the proce-

dure  descoribed an osection ok 1, and the resijuals calcoulated

dsang the formula 13 1) For this purpose the “THEU" computer
gram has been writlen fuee example in Appendix B)

The observations! residusls which have been casloulated by "THED”

ars the dars for the "HI D! TEST" computer program waich is in-

volved with the aralysis of these residusls.

At this paint, it must be emptasised again that this disservation
te anvelved with the analysis of the residuals of the theodolite
observationg because, having defined their distribution, the ob-
servations thep follow the same distribution. This can be readily

shown sidce & Ltrue arror may be delined as:

L (6. 1)
it i i
whi»ur:,
013 the “th true error for arc |
x” the sth ohaarvation for arc :

The result follows dirsctly from equatson (6.1), that is:

Piu«»,» = (

o
[
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" COoNTROL ol R TS
| |
'
! 1 H
. Na ot
{ |
CoPoint Kesoduals 50
; i i
i !
oo 28 021
LG o8
' 2 6oz
] N 32 0.1
| J 28 G.15
7y | Q 38 .13
g s oo
i
S e 016
T 017
[ T il ULole
o3 36 0,18
[ S &40 913
T ¥ o1z
: ‘ !
i Z G O.06
H
A a6 I 3 04
. L 2+ 554 | .06
l . I
- ;
Table 2 The svandard deviation (s-L-;) of the medn
of the residuals for control points
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1 FaACE POLINTS
| No. of
Point 5§<m:<lxm"s 56 i
. .
| v 52 0. 14
i G .16 (.14
| F 76 0.09
N i SIS
Lo 56 ¢ 16
T 4 0.1z
Q2 &0 011
| El w2 0.1l
. 84 508
T .10
Al -1 0.0%
Al 34 . 0B
1 B2 &0 i .10
E B3 82 v.07
o - B4 82 0.97
i 85 W 015
[ 8 0,16
[o%d 8O O.18
o 64 U.13
L1 23 013
D2 A 0.08
. D3| 50 0.11
D4 &4 09.07
= 2 19 .02
4 1 168 0.05
2+ | 1as2 0.02
- o - I
Table 3 : The standard deviation “i,-?) of the mean
of the residuals for face points
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since E[xij] =y

Thus, the distribution of e, abou. zero is identical to the dis-
3

tribution of xij about its expectation ug
Tables 2 and 3 show the gquality of the data used (residuais)
considering the standard deviation of the mean of "all” residuals
for control and for face points, respectively. The calculation

of the sp is according to formula (3.5).

6.2.3 ESTIMATION OF DISTRIBUTION PARAMETERS

For the reasons discussed in section 4.5, three alternative dis-
tributions that have approximately similar properties are con-

sidered:

1. The Normal (Gauss) distribution which is the traditionally
acceptable distribution (formula 4.13) for describing the
statistical behaviour of the residuals. This distribution is
symmetrical about its population mean. This mean is estimated

from the sample under investigation as the arithmetic mean:

n
0= (1/n) Ly, (6.3)

i=]

However, strictly speaking for the case of the residuals,
their mean is known & pgriorf to be zero. The o is approximated

by the sample s according to formula (3.3},
2. The Truncated Normal! distribution (formula 4.26) is also

symmetrical, but the tail areas are tru.cated. This {s exam-

ined for 5%, 2.5% and 1% levels of trur 2tion. The values of
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its parameters are exsctly the same as those of the Normal
distribution since the selected Truncated Normal is consid-
ered to be a distribution with statistics derived from the

Normal distribution.

In particular, for the Truncated Normal distribution, the
upper and lower truncated points are calculated according to

the values given in Table I©.

The [mverse Caussian distribution {(formula & .43} It should
be noticed that as there are negative and zero residuals, the
formula (4. 43) cannot be applied directly (the quantity in
the sguare root beccmes negative). Therefore, an "equivalent”
or "new” set of residuals are created according to the fol-

lowing transformation:
"new' residusls = K» + residuals (6.4)

where K. is an arbitrary positive guantity, so that the sll
residuals become positive. This means that the curve of the
Inverse Gaussian distribution shifts, while the statistics

remains exactly the same.

Concerning the estimation of its parameters, the population
mean U is found to be approxiritely the arithmetic mean of
the sample values [formula 4.45 or 6.3). Obviocusly, since
"new" positive residuals have been introduced, it implies
that the mean i{s & positive nvmber. On the other hand, the
parameier of dispersion % {s given by the formula {(4.47) and
ot by (4.46) since (4.47) is considerad to be "more unbi-
ased”. At this point, it must be noticed that the calculation
of the term s in formula (4.47) is replaced by the equivalent
formula in (4.48). However, in the case of the residuals, as
the dissertation is attempting to identify their overall

distribution, the denominator (n-1) is repiaced by n.
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The plotting «f the Normal, Truncated Normal and Inversc Gaussian
distributions is based on the p.d.f. given by the formulae (4.13),

(4.26) and (4.43), respectively.

6.2.4 COEFFICIENTS OF SKEWNESS AND KURTOSIS

Each of the distributions under investigation has its own ex-
pected values for the coefficients of Skewness and Kurtosis.
These values will be termed the “"theoretical” values of T,

{Skewness) and ¥, (Kurtosis).

The theoretical values for ¥, ¥, for the three distributions are
tabulated in the Tables 12, 13 for the control and face points

respectively, and have been calculated:

e For Norm 1 distribution in sub-gection 4.2.2, and are given
by the formula (&.23).

o For Truncated Normal distributjon (95%, 97.5% and 99%) in
sub-sectioa &.3.1, and sre given by the formulae (&4.32),
(4.38, & 40, 4 423, and

s For Inverse Gaussian distribution in sub-section &.4.2, and

are given by the formulae (4.54), (4.55).

As can be easily seen for the first two distributions, the the-

aretical values of ¥,, ¥, are independent of the semple, and in

the .third case (Inverse Gaussian distribution), the calculation
-

of ¥,, ¥, is based on the sample values, since ¥, and ¥, are

dependent on u, . This implies that the zhape of the Inverse

Gaussian distribution is strongly associsted with the dispersion

B (considering the population mean u to be fixed' of the sample
Ls values, as Figure 10 shows. Thus, the figures were separated into
two Tables (12 and 13). The ¥, and ¥, for the .nverse Gaussian
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distribution have been calculated for eaich cample seprrately for

both the control (Table 12) and face points (Table 13).

The "actual" values for ¥,, ¥, for both the Noimal and Truncated
Normal distribution have beaen calculated from the samples values
using the formulaes (4.16) and (4.17), respectively (see Table

143,

6.2.5 CHI-SQUARE GOODNESS-OF-FIT TEST

For plotting the histogram and calculating the X* goodness~of-fit
test, the residuals are divided in groups according to a selected

class interval of 0".2.

This particular class interval is chosen in order to optimise the
degrees of freedom and still satisfy the minimum number of data
points per cell. The reason is that, as the class interval de-
creases, the degrees of freedom obviously increase, and conse-
quently, the power of the test increases. It was, however,
necessary to combine certain cells in order to obtain sufficient

residuals per cell.

The srvlication of the X' goodness-of-fit test is described be-

Tow.

Since the residuals have already been grouped, there is 2 set of
-
observed frequencies Oi (i=1,2,. .,K;, where K is the number of

the groups, clusses cr categories) which are recorded.

Tn the second stage of the test, the expected (theoretical) fre-

quency E, (i=1.2,...,K) for each category is calculated using the

i
formula of the p.d.f. for the distribution under consideration.
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Since the accepted convention regarding a safe minimum for eny
Ei is 5, categories in which E)ﬁs are merged into larger groups,

so that ElZS‘

At this point it must be noted that, supposing K categories
(classes) existed after the initial grouping, it is obvious that

the observed frequency 0. in any class will be exactly the same

for any of the di“rihutimns, However, on the other hand, the
expected frequency E( is dependent on the selected distribution
since the value Ei is calculated each time from the formula of
the p.d. ¢ which is under investigation, and hence differs frow
distribution to distribution. In other words, for 8 specific
class (categorv) there are different values E‘ for each of the
distributions while the value Gi for this specific category re-
mains the same. Therefore, the grouping of the categories (formed

a~cording to Eg) is not the same for all distributions.

Having grouped the residuals into classes, the statistic { is

calculated from the formula (5.19).

Table AZ provides values for the ¥* distribution at a significance
level of 0.05.

Assuming that the theoretical value for the X? goodness-of-fit

test is Th, then if:
Qs Th

the selected distribution fits the residuals. If not, it means
thu:’tho hypothesised distribution is rot consiscerr ith the
data (sample values). Obviously, if the sample is v -3, re-
sulting in the degrees of freedom becoming zerc or negative
(number of categories less than 3, as happens in the case of the
control point for the Bl set with 20 residuals or for the D3 set
with 18 residuals), the test cannot be applied. These specific
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sets of data are not tested, and consequently are not included

in the relevant Tables.

The results o. the X! test are listed separately in Tables 4 and

5 for the contrsl and face points, respectively.

6.3 DISCUSSION OF THE RESULTS

Table &4 refers to the control points and Table 5 to the face

points.

In these Tables, other sets of data could have been included, but,
as they censisted of less than 25 residuals, the direct applica-
tion of the Chi-Square test was not possible since the degrees
of freedom would be zerc or negstive. However, these sets of data

have been combined to form new sets of residuals. Therefore:

1. For the control points there &re 13 sets of data (P, G, F,
N, 0, Q, E, Al, B2, C1, C3, D1, DU2) observed on 4 ‘rcs, and
five more sets [A2(22), B1(20), B3(1e), C2(18), D3(18}] com~
prise the 2 src samples fur which the X! test cannot be ap-

plied.

Z. For the face points there are 6 sets of data (P, G, F, N, O,
D1, D4) of & arcs, and there ar: 18 (Q1, Q2, El, E2Z, AL, A2,
A3, B2, B3, B4, BS, C1, C2, €3, D2, D3, D4) of 2 srcs. The
;l set includes 24 residuals and hence the X! test cannot be

applied in this case.

The last three sets of data (2, 4, 2+44) in each Table rapresent
the sets of the total residuals for two, four and twe plus four

arcs, respectively.
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The rasuits from the app!ication of the Chi-Sguare test for the control points

¢ ¢ N T 8 O L [N 1
Normst invarse Dist, 9% . 0% Trunceted 47.%% Trunceted

Theor, Theor, Actusl Theor,
P(h) 5. 5. 174 7.81%
Glu} 5. &, 047 7.818
F{y) 1.0 L L6 T.P:5
LIE D] 7. 1,848 T8
G(u) 5. 7.573 5.991
a(a) 7. 7.516 7.81%
E(u) 1. 5. 347 T.81%
AV(L) 9. 2.7%8 9.438
8i(2) ' e

81 - —
gg\;; 7. %. 179 5. 991
‘ —— — ——
g;(g; 9. 12.390 9.u83
{ e e [
L3ty T.81% 1.976 7.81%
D1{4) 7.81% 6724 g.L88
gg{g; 5,991 B.26% 5.991
2 14,070 n.529 6. 25% 14,070
4 28.870 81,122 Ta hi2 2..%90
244 27.590 67.566 18,438 25.000

E:
3

|
|
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The resuits from the application of the Chi-Square test for the face points

Tabie 5
fF A C E POt N T 8

Norma! Dist. Invarse Dist 9%.0% Truncatad r..5% Truncated 99.0% Truncated

from No.of rme wmmrmmmnmmmme | wammmennmamannn | asummememsmamen | mammmasmaenmame
Poing Resid Theor. Actusi Theor. Actusi Theor, Actusi Theor, Actusl Theor. Actusi
Py %2 11,070 12,019 1r.g7o 8.57% 11,070 12.408 11.070 13.199 11.070 13.685
Gia) 60 12.590 4.046 12,590 16,401 12.590 5.42% 12,590 6,368 12.5%90 .298
F{u) 16 16.920 TS 1, 070 8,689 .ot 1.879 1H.070 1.48 16.920 1.751
N{l) 60 12.5%90 .53 12,590 @.694 12.590 9.290 12.590 G.U79 12,590 9.817
ofu) 56 11.070 | 10.63%2 | 11.070 9.829 | 12.%90 5.583 | 12.%90 5.531 11.070 | 10.%22
Qv 34 7.815 0.518 5.991 1.531 5.991 0.882 7.815% 1,018 7.815% 0,436
Qe 80 16.920 7.818 18,310 th 664 16.320 10,971 16,920 10,600 16.920 16,120
£reay b2 7.81% 0.827 THLoTn ' 5,469 7.81% 1,384 1.815 0. 805 7.81% G.814
E2¢e2y} B4 16, 92 9. 884 15, %10 #6708 16.920 18,336 16,920 18,235 16.920 19.902
AV{2) 8z 16.920 5,047 16,920 9.%19 16.920 T.oI42 16.920 7.9710 18.310 5.599
AZ12) &6 14.070 g.u7? o010 131.579 WOt 8.728 14,070 10,105 1,470 . 259
A2} i T7.8%% T2 5991 %5.3126 7.81% 6. 848 7.81% T7.107 7.815 7.0%1
BI(2} P4 . - e, e e S
B2(2) 60 1h.070 6,890 18,070 12.043 \h‘OYO 9.%63 14,070 10,250 14.9070 8.675
B3{2) 82 14,070 b 469 1,070 10.910 1,070 4,863 14,070 4,316 .ol 4.623
Bat2) 82 . 010 6,391 AL it 16.21% W.070 8.112 14,070 7.48% W, 070 6,450
BY(2) 3u 7.81% 1.028 1.81% 3.438 7.815 1.567 7.815 1.636 7.815 1.532
C1e2) 28 %. 991 1.401 %991 1.076 5.991 tL667 5.991 1.864 5.991 1.325%
ce{e) 80 16.920 16.319 1%.510 16 . 401 16,920 1% 449 16.920 12,894 16.920 16,569
C3(&) &4 12.590 . 768 070 10,714 1%.070 6.111 .00 2.013 12,590 617
DY {4} 64 Th,070 5.5%60 15.%10 13,097 16,920 7.267 4,079 %.84) W 070 6.0u5
p2(2) 8y 16.920 15.4%2 T, 070 18, 60% 16.920 14,635 16.%20 5,345 16.920 15.265
03(2) 50 11,070 I.ury 12.%90 8,037 11,070 1.5%37 11,070 1.715% 11070 4,22u
ou{2) 84 !u‘OTO 9.04) .07 12,28% 4,070 6.6156 1,070 10.625 . 070 9.454
2 1094 30,140 23.033 28870 107,803 22,360 1,222 25,000 i, 205 27.5%0 18.018

L 368 10. 140 1h.991 &8.870 39,128 27.5%%0 16.128 30,740 16.191 30. 140 16.030
244 1h62 32.670 39.19 32,670 {119.53) 25,000 23. 748 27.590 25.6%6 30.140 21 835
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From both Tables & and 5 (which s4re the results of the
"HI.DI_TEST" computer program), ft can be seen that in most of
the cases, all of th» distributions are consistent, and hence

these curves fit the residuals dccording te Chi-Square test,

since:
V\K-Z) . Qﬂbaerv»d frequency {(Actual) z0
where:
V(K~Z) . the corresponding value for K-2 degrees of
treedom given by Table A2 (Appendix A), for
a = 0.05%
Q o the {astual) valus which comes from the

application of the Chi-Square goodness-of-fit

test

Foile .ng fros section 5.4.2.5 the analysis of the test has been

carried out with both K-I and K-l degrees of freedom. A distrib-
ution is only considered as inconwistent (that is, it does not
satisfy the null hypotnesis) 1€ Q is less than ! sth V(X°2) and
V(x_l)A Only the values of V(K-:) have been listed in Tables &
end 5, as these values are the pessimistic lower boundaries. For
example, in Table 5, the point P has the following values for the

Normal distribution:

Vikezy = 11070

Q=12.019

By Efgsidarﬁng these figures alone, the wrong conclusion will be

drawn, because, in such a case

Q> Vg B

However, considering the value of V for K-1 degrees of freedom

as discussed in sub-section 5 . 4.2.5
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vy T r r
= 12,590
V(K'l) 12.5
and hence:
Vikezy <4 Yo

According vo formula (5.25), this implies that the distribution

is consistent.

On  the other hand, i{f the last large sample [(2+4) of the face

points for the Norm:l distribution is considered, then:

v = 33.820 < @ » 39718

;
(K-1)
and hence, for this specific set of data, the selected (N»rmal)

distrihution does not fit the restduals.
The information can be summarised as follows:

1. In Table 4 {contrel points), the sets which ave inconsistent

with the distributions are:

e Normal

° Inverse Gaussian D2, b, 244
e Trurraied Normal (99%)

e Truncated Normel {(97.5%)

:N Truncated Normal (99%)

2. InTable 5 (face points}), the sots which are inconsistent with

the following distributions are:

° Normal B2, 244
o Inverse Gaussian G, E2, B4, D2, 2, 4, 244
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o  Truncated Normal (99%) ;B2
o  Truncated Normal (97.5%' : P

o  Truncated Normal (99%) P, el

Therefore, it can be seen that the Normal and the three Truncated
Normal distributions are, generally, consistent for both catego-
ries of the points {(control or face points) and are also, gener-
ally, indepeundent of the sample size (the only exception i{s the
largest sample for the face points under the Normal distributijon

assumption).

On the other hand, it is quite obvious that the Inverse Gaussian
distribution is by no means the best one for the large samples
of either the control or face points. For the swall samples, in
the case of the control points, it is consistent with the dats
as opposei to small samples of the face points where the con-

sistency is in Joubt.

However, in order to determine the best fit, it is necessdry to
consider the ratio of the Actual (Q) to Theoretical WV(K-Z)]
values {Tables 6 and 7). If this ratic is less than or egual tu
1, it implies that the distributior is consistent. In addition
to this, for s specific set of residuals, the smaller ratio im-
plies that the specific distribution has a better fit than a
distribution corresponding to a large ratio. For instance, the

point D1 (Table 63, has the following ratios for each of the

distributions:

&) Normal 5,113/ 9. 4B8 = 0.539
b) I:v;ers: Gaussian : 6,724 7/ 7.815 = 0.860
¢) Truncated ( 95% ) r 6,243 / 7.815 = 0.799
d4) Truncated ( 97 .5% ) @ 5.477 / 9.488 = 0.577
e) Truncated ( 99% ) © 5.082 / 9.488 = { 536

This implies that all of the distributions are consistent as these

ratios are $1. Also, {t can be concluded that the Truncated 99%
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is the best curve {(distribution) for the residuals of this spe-
cific set of data (as the acturl value Oi approaches the expected
value Ei’ this ratio becomes less, and hence, the selected dis-

tribution more closely models the distribution of the residuals).

The informativa contgined in Tables 4 and 5 have been summarised

in Tables 6 and 7, respectively.

In Tables 6 and 7, the column "Q/T" denotes the ratio of the Ac-
tual to the Theosetical values, and the column "“Order” denotes
the velative fit for each distribution with respect to the given
sample. These Tables, therefore, rank the distributions for each

set of data. For example, in Table & the

Normal comes firsr & times
Invarse Gaussian " " 3 "
Truncated (95%) " " 2 "
Truncated (97.5%) " " 0 "
Truncated (99%) " " 7 "

Rased on the above, it can, generally, be seen that for the con-
trol points (Table 6), the Truncated 99% is the best distribution
for most of the cases, ar opposed to the face points (Table 7),

where the conclusion is not very clear.

Although the ranking of the distribution provides an indicator
of its goodness-of-fit it is necessary to consider the selnction
from several points of view.
-

For this reason, four more Tables are produced. The Tables 8 and
9 refer to control points, and the Tables 10 and 11 to face
peints. Tables 8 and 10 refer to small samples, and Tables 9 and
11 to the pooled samples. The purpose of these Tables is to in-
dicate the "weighted means' of the residuals, calculated as the
sum ouf the products of the number of the residuals times the

"Order" of the fit for a specific sample, divided by the sum of
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Table & Analiysis of the Cni-Sgusre test for control points

| c o N T R O L P o 1 K T 8

| ? 7 Morma! Dist Poanyarss Dist, 9%, 0% Truncatcd T §7.%% Trunceted ;I G5.0% Truncated

{ from | No. of R il e | omeemescne N mmmesssesssson | ssereesssecenes

| Poing T TR : /T Oroer QT Crder Q/7 Order Q7 Order | [>7at Drdar
Pluy | o8 0.702 1 2 o.8e8 | 5 0.819 | u 0,791 } 3 | o.682 | 1
Giuy 8 0,360 e U676 bl G412 l 4 .369 3 i 0.39%7 1
Ftigy i O, 432 & 0. 94% 5 &.080 ¥ 8.023 | 3 F ¢ L 4] 1
MGy 3¢ 0,815 2 ;o 0B.236 1 9.950 5 O.820 3 Po0.8%% i &
aiay 28 LT 1 R 5 LEVE Lk 1.0% | 3 [ 0.925 1 2
Qi 36 [N 124 i 0,962 & 0. 448 i Q. 408 3 0.371% 2
E{4} 4 9.5 % [T 1 0.528 l [ 0.500 2 L0507 3
AVtiy bl [ 1 M (.13 ¥ a.6e27 i 0,408 I 3 L0.e0Y | 2

[oAZLE) 2 e ; — - —— e i T -

s B2 20 e —— o Rt — m— i =

LB 28 0. ous 1 0.739 5 0.05%9 | 3 0.090 4 P0.us6 2
B {2} 16 RN —— — e — —— e
[SRE'S] 40 0. 707 2 1,306 ki a.r87 4 0.1 3 o.660 ¥

PLziey 18 — b Rl B e i | | |
3tk 36 g a6 - 0.2%3 k] 0,028 | 1 0,048 | 3 P0.062 4
o114, &4 T, 539 z O, 860 5 o799 4 0,577 3 0,536 1

I L T N Y t 1380 5 V.3 w v.iee |3 I ovlerz |2

HEERS- 3 18 i —— R Lo e J—— | — |

& 94 P D280 Z L Py 43 %5 0. hus L] 0,337 3 io0.256 | 1

| & RED 620 H Z.810 5 a.578 3 C.5%8 | 2 o.518 M

i el 554 PR 5 1. 4 P 2.4%0 | 5 0,760 | 3 0.736 | 2 ‘ 0.659 1

® % The G/ Jenutes the ratio of the Actusi to Theoretics! veiues obtained from the Tabie 4,

»~ A&




Table 7 : Ansiysis af the Chi-Sguare tess for face points
f A C K P O+ K T 38

Normal Dist, inverse Dist. 95,0% Truncated 97.5% Truncated 99.0% Truncated

from No.of mememanm .. e ceemsmsmeueanan | mesbsansmsaansn | seceeesmseasonee

Paint Regid, [+78 4 Order G/t Drder G/7 Order [:78 4 Ordar [+724 Grder
PlL) 52 1.086 2 82.77% 1 1,129 A 1.192 & 1,236 5
G4} 60 0,32y 1 1,103 5 0.4 3 0.506 & o.421 2
Fiu) 16 0.081 1 0.618 % U134 4 0.10 3 0.103 2
N{4) 60 0.7%7 3 . 770 4 0.738 1 0.753 2 0.780 5
Ol 56 0,962 5 0.888 3 0.443 2 0.439 1 6.950 i
ar{2) 34 0.066 2 0.2%6 % a7 & 2,130 3 0.056 1
Qz{2} B8O 0.580 1 a.801 5 0. 648 i 0.626 3 0.%%98 2
£Y(2) 42 0.106 3 O.hou 5 0.178 4 0.103 1 8.104 2
r2te) 84 1.17% 3 1,722 % 1.084 e 1.078 1 1.176 4
AT(2} 82 0.298 1 9.563 5 D.u22 3 0.u71 4 0.306 2
A2le) 66 3645 2 0.94% ] 0.620 1 0.718 4 0.658 3
;3(2) 33 0.0 % 0. B89 2 0.876 1 0.909 4 G.902 3

12} & - - — . . i . - RN

82(2) 60 0,490 1 0,856 5 0.680 3 0.729 4 G.617 2
B312) B2 0.318 2 0 7% % 0. 346 4 G. 307 ¥ 0.329 3
Bu{2) 82 G.u5 1 1,152 5 0.577 4 D.512 3 0.u%8 2
B5%(2) 14 g.132 1 [ L) 5 . 201 3 0.209 4 C.196 2
L2y 28 0,234 3 0.180 1 ¢.278 4 .31 5 o.221 2
ca(e} 80 0.964 3 1,057 5 £.9)3 2 0.162 1 0.979 &
€12 &4 G.379 3 O, 761 5 0.434 4 0.143 1 0.367 2
DI} 64 0,395 1 0.6%) % 0.429 3 0. 415 z 0.430 4
D2(2) 84 0.911 4 1,322 5 0. 865 1 0.%07 3 0.902 2
D32} 50 o3 3 0.638 S 0.139 1 0.15% 2 0.382 4
DuL2) a4 0.641 2 0.873 5 a.470 1 0.75% L] 0.671 3
2 1094 0,764 4 1.734 & 0.636 2 0.568 1 0.65%3 3
4 168 O, 497 ] 1,395 4 0.585 3 0.537 3 0.532 2
2+4 462 1,216 4 1.6%9 5 0,950 3 0.930 2 0.791 1

* * The Q/7 durotes the ratic of the Actual

to Theoreticat! veiuos obtained from

B AdM ok w ‘Llu

£
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the totsl residuals. For finstance, in the Table 8 the weighted

mean for the Normal distrioution is:
(28Bx2 + 28x2 + Lawd + ... 4+ 32x13/460 = 2.50

From these weighted means, the following conclusions can be

drawn:
o Control points

1. Small] samples (Table 8): The Truncated 99% Normal dis-
tribution with a value of 2.00 for the weighted mean has
the best fit, while the Normal distribution with 2.50
follows,

2. large sapples (Table 9): The Truncated 99% with a
weighted mean of 1.29 has the lowest value, followed by
the Truncated 97.5% and 95% with means of 2.34 and 3.20,

respectively.
o Face points

1. Fe»s]! samples (Table 10): The Normal and 95% Truncated
Normal distributions with weighted meais of 2.21 and
2.66, respectively, have the best fit. The Truncated
47.5% with a mean of 2.68 displays the third best fit.

2. lLarge samples (Table 11): For the set of 388 residuals,
the Normal distribution has the best fit, followed by the
Truncated Normal 99%. For the set of 1094 residuals the
Truncated 97.5% {s the best distribution and the Trun-~
cated 95% follows. For the largest set (1462 residuals),
the Truncated 99% comes first and the Truncated 97.5%

second.

It could, therefore, be inferred that the results for the control
points pertaining to the fit of the distributicns are different

to those of the face points. Summarising:
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Table B : The weighted mesn for each distribution for the gonvrui poinis

® Q0 L) 5

inwprse Dist, 9%, 0% Truncated 97.%% Truncated 99.0% Truncated

No, of - - . R L g
Rasig, e Order G ter Urder L4
28 % hG i k] i 28
Gl 28 % 1443 4 2 1 28
£ G4 5 220 1 3 1 4l
H{ 12 1 32 5 3 4 128
af 28 4 [T 5 1 2 56
af 346 5 180 § 3 2 T2
(14 by 1 hig 4 2 3 132
Al (1) 1 ug i 3 2 88
a2 28 % The 3 i K4 56
oy 40 5 pavis) Ll 3 1 &0
3 16 5 184 1 3 4 a4
3] L] 3 200 H 3 1 Lo
Bz 3z 5 160 u 3 2 64
L1.5] 1820 920

wWeighted
mgan 3.08 2.00

o

e o WA 5 54

P denctes the numbar of residus!s of each set times the "Order™ of the distribution,

e “'N:-VL.
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Tabie 9 : “he weightad mean for esch distribution for the control points including the pocied sampies

¢ 0o K T R O L P Ot N T §

Norma! Dist, inverse Dist, 9%.0% Truncsted 27.5% Truncated 99.0% Truncated
¥ oo No., of .- - BT L R - - -
Paint Resid Order 4 Order 4 Order L4 Ordar 4 Order L4
(41D 28 2 56 % YhD b 112 3 84 1 28
Giu) 28 F b 5 T L} 112 3 84 1 28
Fluy 44 i 116 % 220 1 L] 3 132 1 by
N4} 12 2 64 1 12 5 160 3 96 4 128
o{4) 28 1 o8 % 140 i 112 3 -3 4 56
Qs p13 M 16 ] 180 & 1hn 3 108 2 72
E{u) [ 5 220 1 ulh 8 116 4 an 3 132
At{al L % 230 \ uy L] 176 3 132 2 &8
#2{4] 28 1 28 5 Tl : ah 4 112 2 56
Cr{n} b4 2 &G % 20U ; - 160 3 1e0 1 40
Lagu)} 16 2 72 5 180 A 34 H 108 4 144
pDiiu} U & 80 & 200 4 160 3 120 1 40
o2{u) iz 1 32 5 160 L 128 3 96 4 64

? 94 2 188 5 a1 4 376 3 282 1 94
4 w60 y P840 5 2350 3 13180 2 920 1 h&0
245 §%54 4 i 2214 5 2170 3 1662 2 1108 1 554
BuM 1568 9392 1360 5082 3674 2028
weighted
mean 3.ouy 4. 67 3.20 2.34 1.29

% & P denotes the number of residusis of each set timos tne "Order” of the distribution,

i
~
3
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Table 10 : The weighted mean fo- sach distribution for the face points

fF A C & B O 1 N T %

Normal Dist. invarse Dist 9%.0% Truncated 97.5% Truncated 99.0% Trunceted
fFrom He ot - B - - .- -
Poing Resid. Order 4 Grder 4 Grder P Order 14 Order L4
Plu) 52 2 104 1 52 3 156 4 208 5 260
G{h} &0 1 (24 & 100 3 180 247 2 120
{h) 76 1 76 % 380 & 304 3 228 4 152
¥4} &80 3 180 4 2u0 1 &0 2 120 5 300
{4} b33 bl 280 3 148 & 112 1 56 o 224
Q) 34 2 68 % 1 i A 3 102 1 34
Qz{2)} 8o ! 1 L3 Fl BOO & 2o 3 250 2 160
£1{2) g N 186 % 210 & 1468 1 L 2 Bh
£E2{2) 84 3 252 % L20 & 168 1 ay 4 336
AT 82 M a2 % 410 3 2u6 4 328 2 16%
AZL2) &6 2 122 ¥ 330 1 66 L 264 3 198
A3 2} i % 17 & 68 1 34 4 134 3 102
B2{2} [34] t &0 5 300 3 180 4 2640 2 120
83(2} az 2 164 % 410 4 128 ¥ .4 3 246
BuL2y az 1 82 % gy L k¥ 2] 3 2ug 2 164
85(2} 34 3 In k4 1T ] 102 4 134 2 68
[AEE-31 28 3 a4 1 a8 L] 112 5 14D 2 56
s2(2) a0 3 240 5 400 2 160 3 80 4 320
[S1¥ 4] &4 3 192 % Jeq % %4 1 64 2 128
Gifh} &4 1 &4 % 320 3 192 2 128 4 256
L2(2) a4 4 1 % 82O 1 ay 3 ase 2 168
DR{8) 50 3 150 3 250 1 50 2 100 “ 200
Du{z} 84 2 168 5 w20 1 84 L 336 3 2%2
h:16 ) 1438 3iTh 6596 1826 isse L3R

Weighted
mesn 2.2 8,99 2. 66 2.68 2.86

* & p denctes the number of residusis of each net times the "Order” of (he distribution.

. . & N N



N1 . i,

N ot

weighted maan for esch distribution for the face points inciuding the pooied samples

.

Table 11 1he
¥ A C F P O 1 K T 8
Norms! Dist. inve. s Dist. 9%.0% Truncsted | 97.5% Truncated | 95.0% Trunceted

From NO‘O’ - - - o .- - -
Paine Resid Ordaer L Grder (4 order [ 4 Order L4 Order L4
AL B 52 2 104 1 52 3 156 4 268 5 260
Giuy &0 1 &0 % 100 3 180 ] 240 2 120
Flu} 76 1 I 5 380 4 304 3 228 2 152
M{u} &0 3 1RO 4 240 1 50 2 120 5 300
Of{u) % 4 280 3 148 2 112 i 56 & 224
Qt(2) 34 2 68 5 170 4 136 3 to2 1 34
Q2({2}) 80 1 & b UGG b 320 3 240 2 160
Fi{2y L34 3 126 5 210 i 168 1 e 2 Y
€22} B4 3 252 5 420 2 168 1 a4 4 336
AY[2) 8z 1 az 5 410 3 2486 & k¥4 ] 2 164
AZ{2} &6 2 122 5 310 1 64 4 264 3 198
A2 3u 5 120 ? &8 1 3% % 136 3 12
B2} &0 1 &0 5 you 3 an 4 240 2 129
B2 az & 164 % 410 L aze 1 8z 3 246
Ba{2) [.¥3 1 ar 5 L2 U 3zn 3 248 2 164
as(2) 3u 1 34 5 Y7 3 102 L] 136 2 68
c1(2) 28 3 L 1 8 4 112 % 340 2 46
c2(ay .14 3 240 % LI 2 160 1 80 4 320
[% T 0] &4 3 192 4 e b 256 1 64 2 128
Di{u} &4 1 64 5 e 3 192 2 128 & 256
G2i2) 84 4 334 5 Lray 1 84y 3 252 2 168
03(2} &0 3 154 % 250 1 40 2 100 4 200
[ TF a1 &4 2 68 % B20 1 ah L3 338 3 ose

2 1094 & 4376 % Bu70 2 2188 1 1094 3 3282

i 368 1 68 5 1840 4 1472 ) 1104 2 736

25 1u82 4 5848 % 730 3 4186 2 2924 1 1462
SUM 4162 131166 21216 11872 8974 9388

e ghted

mean 316 L. 1] 2.72 2.06 2.20
* P denotes the number of residunis of each set times the "Order” of the distribution.
. IR N ‘gnk, -
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In the case of the control points, for either small or large

samples (and consequently for the pooled samples) the:

o 99% Truncated Normal! distribution best describes the
stochastic properties of the residuals.

In the case of the face points for the:

o small samples: the Normal distribution appears best.

o large samples: the 97.5% and 99% Truncated Normal dis-
tributions appear to be best although, for the largest
sample. tha 99% Truncated Normal is the most appropri-
ate.

o poolel <a=sles: the 97.5% Truncated Normal distribution
best approximates the distribution of the residuals.

It must alse be noticed that for the case of the largest
samples 244" for control (554 residuals) and face (1462)
points, the Truncated Normal 99% is the best fitting curve.
In addition to this, for the large samples ("2, "4", "244"™),
in the case of control points, the 99% Truncated Normal is
the best. For the corresponding samples of the face points,
the same distribution seems to be a good approximation in
comparison to the other distributions (essentislly, only the
97.5% Truncated Normal distribution could compete with the
99% truncation points). Therefore, in general, the 99% Trun-
cated Normal distribution seems to fit better than the other
distributions for the large samples (=>350 residuals) inde-
.p;ndantly of the classification used (control or face

points).

On tne other hand, the Iinverse Gaussian distribution seems
to be the worst in comparison with the other distributions

for all the cases (control! or face points, small or large
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sample, It must, also, be noticed that for the largest

samples (»>350) it is completely inconsistent with the data.

The coefficients of Skewness and Kurtosis have bean calculated
in order to give an idea of the shape of the actual distribution

of the data.

In the next pag-.,, three more Tables (12, 13 and 14) are provided.
Tables 12 and 13 refer to the theoretical values of the coeffi-
cients of Skewness (¥,) ind Kurtosis (¥y), while Table 14 includes

the actual ¥, and ¥, calculated from the residuals.

The actual values indicate the shape of the d.stribution of the
residuals as opposed to theoretical values which show the shape

of the selected distribution.
Essentially, Tables 12, i3 and 14 give three possibilities:

o The theoretical values of ¥,, ¥; (Table 12 and 13) assist to
form an idea about the shape of the hypothesised (Normal,
Truncated Norma! and Inverse Gaussian) distribution.

o Tab'e 14 is able to show, using the actual values of ¥,, ¥,,
the shape of the distribution which fits the residuals, and

o A combination of Tables 12 ud 13 with Table 14 provides
co parison between the actual and the hypothesised distrib-
ution, and therefore, assists in selecting the best fitting
distribution. The best fitting curve (distribution) of the
resiocuals thould have coefficiunts of Skewness and Kurtosis

.fhat closely approximate actual values listed in Table 14.

Following from the previous paragrar's, the information can be

summarised as follows:

1. Examining the results of Tables 12 and 13 concerning the

theoretical values of ¥,, ¥, it can be seen that:
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The Normal distribution is & symmetrical one (¥,=0)

The Truncated Normal distribution is symmetrical (¥,=0).
However, as the level of truncation changes from 99% to
95%, so the shape of the distribution becomes more
peaked. For example, the 99% Truncated is less sharp than
that of 97.3% and much less than the 95%. In all of these
cases, ¥,>3 (see Figure 6(d)). On the other hand, the 95%
Truncated {s more eaked than the 99% because the latter
distribution more closely spproximates the Normal dis-
tribution.

The laverse Gaussian distributicn has, for the case of

both control and face points:

¥, >> 0 and ¥, >>3

"

where the symbol "»>" indicates "much greater than". In
"

this sense, ">»” will indicate that ¥, is greater than

0.7 and ¥, is greater than 3.8.

Tr.s«, the Inverse Gaussian is not symmetrical (¥,#0) and
because the coefficient of Skewness is always a positive
number, {t impl.es ttat this distribution is positively
skewed (see Figure 7(a) and the plot given in the example
for the case of the Inverse Gaussian in Appendix C). Also,
since #,>3 it means that the distribution is
leptokurtotic in comparison with the Normsl distribution
(see Figure 7(d)).

Theretore, the Inverse Gaussian distribution is a peaked,
non-symmetrical distribution with the main "body” of data

lying on the left hand side of the population mean value.

2. Table 14 gives the actual values of ¥, and ¥, for the control

and face pcints. The conclusions that can be drawn from this
Table are:
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Theoretical values for the coefficients of Skewnssg snd Kurtosis for control points
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Tabie 13 Theoratical values fur the coeffiolent of Skewness and Kurtosis for face points
; F A C € P O I N T 5
Normat  Dist, invarse Disy, 9%.0% Truncated 971.5% Truncaged 99.0% Trunceted

From No.of meemeameanaa. wmmmmammmramar | cvmsecssscesses | sumemstmmerncen | mmaesebae e
Point Fesid Skewnass Kurtosis | Skrwness Kurtes!s! Skewnass Kurtosis|Skewnsss Kurtosis{Skewness Kurtosis
Pl 52 0.973 4. 580
Gia} 60 0.91% 4. 398
Fluy 16 1. 349 6.033
N{&) £0 1.012 4. 707
) 56 1.023 4T85
Gi{2y 34 1.092 4,990
g2(2) 80 ¢.97% 4,578
£3{2) b2 1.2u7 5.593
€2{2} Bu 1,193 5.216
A2} a8z 1.030) 4. 169
AZ{2) &6 1.219 5.477
A3(2) 34 1.232 5.%33
BY{2) 24 [+ 3 1,300 5.821 o 5.208 Qo 4.13% 4 3.510
82({2) 60 1131 5,115
d3(2} 82 1,090 &.982
syl 82 1.07% L. 9u3
852} 14 y.122 %.109
[ F8-31 28 1,09 4.9u48
£2(2) 80 1.050 4.838
L3(2) 64 1.237 5.5953
O1{4} 54 1.069 4.906
02(2) 84 ¥, 345 6.019
03{2} 50 G.939 b.umn
bLut2) 84 1.232 .53}

b4 1094 6.792 h.0u6

4 58 G.871% b.26%

244 162 8.717 3.8%7
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Tabte 13 : Theoreticatl vailues for the coefficient of Skewnass and Kurtosis for face points

FoAa CE PG 1 N T 38
Hoema! Disy. tnverse Dist, §%.0% Truncated 97.%% Truncated $9.0% Truncateg
froe No.of B i i e ——— wwmemws cmasasen | wmmmeeuawn.
Point RESIC. |Skewnaus Kurtosis)Skewness Kurtosis|Skewnsss Kurtosis|Skewness Kurtosis|Skewness Kurtosis
PlYy) 42 0.673 4. 580
Giu) &0 0.91% 4.396
4 16 1,349 6.031
NG &0 1,012 4. 107
oiu) 56 1,023 L. Tu%
5112} 14 1.092 4,990
az{e) 80 0,973 4.578
€12 L ¥4 1.ou7 5.591
£2(2) 84 1,1%3 4. 216
AYVLDY 82 1030 b, 169
AZ{2]} 65 .29 5,077
A3L2) kL 1,212 5.513
#81{23 F4] g 3 1,301 5,820 [ 5.208 [} 4.13% o 3.%10
#r(2} &0 1 5.13%
B3(2} 82 1,090 h.gaz
BRL2) 82 1.079 h.9uy
BSI2) 34 t.122 5,100
ci{ ey 28 1.081 4, 948
c2(e} B0 1.0%0 4,838
€3{2) &h 1.237 5.5%93
0Y(4) 64 1,069 n.906
D2{2; 84 1, 3uYy 6,019
o032y S0 G,939 4471
ouf2} B4 1.232 B.531
Z2 1094 1792 H.046
L) 368 0.871% u.26%
244 1462 a.717 3.857




Tabie 14

Astust

vaiuas for the coaftic

fents of Skawnass snd kurtosis

CONTROGL PO NTS ¢ AC T
No, eof ¥rom No. of

Resig. Skewness KUrtosis Poiar Rasid, Furtosis

Piuy o8 . 3. 7.9 Piuy by B.611
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H{u} 32 0. 3. 676 Hily &0 3.280
Of{ k) 28 0. .91 i) 44 4. 477
Qiu) 36 0. EL50t G322} iu 3,004
Eful by . 4.12% Qrle) an 3.99%
AL} b g. 5,149 {2} 42 2,750
Az{2}) 22 0. 2.08% E2{ay &5 2,560
Bi(2] 20 . 1,469 AV B2 2.991
B2{u) 28 . Z.089 AZL2) 66 2,273
832} 18 o, 2.94% AXLZY I 2.06%
Ciiu} ug - 1.7 a81{2) 21 1,486
cei2y 18 0. 2.84%8 B2(2} £0 2.7112
C3{4) 16 Q. 2,910 832} 82 2,533
ATED] &0 -0, 2.91% B4i2y 82 2,741
D2{4) 32 -8, $.878 B2} it 3.060
D32y 8 0. 2.2710 cr{2y 3 3.634
2 G4 a. 1.0%7 G2{2} 20 2.692

L] 60 Q. 3N CH2y & 2.729
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° For both cases (control and face points), the coefficient
of Skewness for two arc sets is equal to 0. This implies
that the residuals of this type are situated symmetr-
rically about the mean value The explargtion of this
comes directly from the method of calculating the obser-
vational residuals as outlined in sub-section 3.4.1.1.
Obviously, therefore, for this particular case {sets of
two arcs) a symmetrical distribution such as Normal or
Truncated Normal would be preferred.

o The coefficient of Skewness for the four arc sets of
residuals is not exactly zero (it differs slightly from
zero) which means that i{ts distribution is a little bit
negatively (see Figure 7(b}) or positively (ses Figure

7{a)) skewed.

For the case of control points it would appear that ¥,
is predominantly positive, so that it could be said that

the four arcs residuals of the control points are posi-

tively skewed as opposed to face points where no trend

can be obtained.

o Another important point for the case of four arcs resi-
duals for face points is that although the ¥, of the small
samples (P, G, F, N, 0, D1) is more than [0.174], the

coefficient of Skewness tends to be zero for the case of
the large sample “4" (¥,=-0.006). The same applies to the
case of the largnst sample "2+44" for face points although
this could be dus to the influence of the residusls from
two arcs (1094 in number) as opposed to those of four arcs
(84). Therefore, it is quite valid, for the face points,
to state that as the sample incresses (*>350), the actual
distribution of the residuals becomes more symmetrically,
and consequently the Normal or the Truncated Normal dis-
tribution would be more applicable.

o The values of the cosfficient of Kurtosis varied about 3

for the small samples of both control and face points.

As a result, no definite conclusions could be drawn ex-
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cept to note that the general values were closer to the
Norma!l fuamily of distributions as opposed to the expected
values {or the Inverse Gaussian distribution.

o For the large samples ("2", "4", "244") for both cases
{control and face points), ¥,»3 which implies that the
actual distribution of the residuals s leptokurtotic.
At this point, it must be noted that comparing the the-
oratical values of ¥, of the 97.5% Truncated Normal dis-
tribution and of the Inverse Gausssiar distribution given
by Table 12 {(control points) and Table 13 (face points)
with the actual values given by Table 14 {control and face
points}, these distributions are better than the others

since the actual ¥, tends to 4.

Comparison of Tables 12, 13 and 14 cennot take place by ex-
amining the coefficients of Skewness and Kurtosis separately
but rather by considering both ¥, and ¥, jointly. This is
necessary because considering only ¥, may result in a dis-
tribution which is different from that if ¥, is considered.

For exampls, in the case of the large sample "4" for face

points {Table 14), the toefficient of Skewness indicates that

the Normal or Truncated MNormal distributions could he the
best. However, by considering the coefficient of Kurtosis it
could be concluded that the 97.5% Truncated Normal or the

Inverse Gaussian distribution better approximate the dis-

tributton of the residuals. There is, obviously, & contra-

diction in the conclusions drawn by considering ¥, and 1,

separately. Thus, a combination of thase coefficients must

be used for analysis purposes.

-

o Small samples (control and face points): The actual co-
efficient of Skewness (¥,) is zero (for the case of two
arc residuals) or tends to be zero (for the case of four
arc residuals). Also, the actual coefficient of Kurtosis
(¥,) is approximately 3. Therefore, the required dis-
tribution would have ¥,20 and ¥,23. These properties are
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exhibited by a distribution such as the the Normal and
the Truncated Normal.

o Large samnles (control and face points): It is quite
obvious that although the symmetry of th: actual dis-
tribution {s maintained (¥,50), the distribution becomes
more peaked (¥,»3.3) indicating that the distributjon
which combines these properties is of the Truncated

Normal type.

6.4 RESULTS IN BRIEF

Combining the results from the Chi-Square goodness-of-fit test

with those of the coefficients of Skewness and Kurtosis, similar

conclusions can be drawm:

et

1. Both of them accept, in general, the predominance of symmetry
as i{ndicated by the Normal snd Truncated Normal distributions
as opposed to the Inverse Gaussian which is a non-symmetrical
distribution. Howevar, the Chi-Sgquars goodness-of-fit test

which i{s a better indicator than the ccefficients of Skewness

and Kurtosis, pin points the 99% Truncated Normwal distrib-
ution as the best in the case of conurol points (for smasll
and large samples) while for the face points a distinction

must be made between small and large samples. The Normal

T ———— o ———

distribution appears to be the best fitting curve for the
small samples while the Truncated Normal 97.5% and 99% seem
-

to be the most appropriate a.stributions for the large sam-

ples.

2. In particular, for the large samples, both of the analysis
methods 4 e priority to the Truncated Normal distributions
which are more peaked than the Normal distributfon. Specif-

ically the 99% Truncated Normal seems to the best for the
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control points, and the 97.5% or 99% one for the face points.

On the other hand, the Inverse Gaussian distribution is
totally rejected as not only does it fail to satisfy the
symmetry of the residuals but, according to the Chi-Square

goodness-of-fit test, is completely inconsistent.

The next two plots are referred to the largest .amples for
the case of the 99% Truncated Norwal distribution for control

and face puints.
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CHAFTER 7

CHAPTER 7




7.0 CONCLUSIONS - RECOMMENDATIONS

7.1 CONCLUSIONS

While much research has besn carried out in respect of the dis-
ion of residuals, and the & posteriorl snalysis ot survey
networks, the relationship between the actual observations and
the adjusted residuals cf the observations prior to the network
adjustment is often neglecied. Pope (1976) has considered the
statistics of residuals and has recommended the use of the tau
distribution for the determination of outliers. Similariy, Baarda
{1968) has proposed several methods for the testing of geodetic
networks. Chrzanowski (1981), and Chrzanowski and Chen (.986)
have described the standard prciedures adopted for the aralysis

>f deformation networks.

The common assumption underlying the methods quoted above is the
acreptan-e that the residuals associsted with the observstions
can be modelled via the normal distribution. Ali subsequent tests
and inference are based on this premise. As shown by Milford
"' 86), the confidence regions pertaining to the parwmeters in

an adjustment are directly related to the di<iribution assumed

for the observational residuals and thus, for the observaticns

themselv:s. This is briefly illustrated below.

The covariance matrix of the unknowns {s directly dependent upon
the :night matrix used in the adjustment. It is, generally, ac-
cepted that the inverse nf the variance-covariance (dispersion)
matrix of the observations is sdopted as the waight matrix for
the adjustment. For the parametric model, in which the observa-
tions are directly related to a function of the parameters (usu-
ally co-ordinates), the variance-covariance matrix of the

1

parameters is given by (A'WA) ', (in which A is the design ma-
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trix, and W the weight matrix). This matrix will only be
muiltivariate normal, if the matrix W is the corresponding

covariance matrix for the observations.

However, {t has been shown in this dissertatioa, that this as-

sumption may not, generally, be true in open pit menitoring work.

The observations for the control framework have been shown to have
a Truncated Normal distribution with the points of truancation at
99%. While it may be practical to use the complete Normal dis~
tribution for analysis purpuses, the 99% limit has importance in
the rejection of outliers in the chservations. For large samples
(and hence, large degrees of freedom) this would correspond to &

figure of .58 times the standard deviation of the chservations.

For the face points, it has beeun shown that the Normal distr.b-
ution is the best approximation for the distribution of the res-
iduals for the small samples, while for the larger samples the
Truncated Normal distribution provides the best fit. It must be
noticed. however, that as the size of the sample increases, so
the Truncated 9%% best describes the distribution of the resi-
duals. Therefore, it can bhe said that for large samples, again,
s figure ¢f 2.58 o can be used as the critical regjon, above which

the residusls may be considered for rejec.ion.

iIn general, the results of the dissertaticn concerning the Trun-
cated Normal distribution agree with M. A. Zemel man (1983) who
states that:

practical probability densities for errors are trun-

cated univodal symmetrical ones.”

On the other hand, the Inverse Gaussian distribution is much worse

than the other distributions, and consequently, is not applica-
ble.
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Accepting that the distribution of the residuals way best be de-
scribed by a Truncated Normal distri’ ntion, this will effect the
calculation of confidence regions for parameters estimated ip a
subsequent Jleast squares adjustment. It should, however, be noted

that the estimate of the parameters will not change.

In order to examine the effect on the statistical inference, and
to show that the estimates of the parameters will not change, it
is wonvenient to express the variance from the Truncated Normal
distribution as being directly proportional to the variance of

the Normal distribution. Thus, formula (4 .33) may be writr.n as:
\ar(x)T = k-\ar(x)N

where, Var(x)T is the variance for the Truncated Normal distrib-

ution 4and Var(x)u is the variance for the Normal distribution.

Similarly, the relationship between the variance-covarjance ma-
trices of the Truncated Normal and Normal distribution may be

expressed as:

b=k,
for both lT and EN diagonsal matrices.
Hence, for the estimate of parameters:

= awa! aws

-
let the weight matrix be the inverse of the covariance matrix of

the distribution of the obse.vatinons. Then, for the Normal dis-

tribution:
A . -1 1 . -1
L (AL N A3 AL N €
For the Truncated Normal distribution:
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. -1 -1 ~1
Qrz(AzT A) AZT f

A -1 “1 A -1
=k (A'L N A) A(1/10E N

, -1 -1, -1
m(AXN A) AIN f
”A

XN

The values of k can be obtained directly from (4.33), and are

tabulated below:

L] 95% Truncated Normal: k = 0.759
o 47.5% " " ; k¥ 0.852
s 99% " "k o= 0,925

As can be seen from the figures, an eight percent reduction in
the variance of an individual parameter is obtained by using the
99% Truncated Normal distribution statistics. Consequently, the
scale of error eilipses calculated from the variance-covariance

matrix (A'Y T'l A)"‘ will be reduced by the square root of k.

An advantage of accepting the Truncated Normal distribution is
that & simple natural boundary, given by the points of truncation,
may be provided for the detection of outlying observations. Under
the assumption that all residuals are drawn from the truncated
population, values that fall outside the points of truncation may
be identified readily and marked for further investigation.

Howewver, the truncation poiuts may not be well defined for small
um;i;s. as the degrees of freedom are low, and the confid ...e
limits for the variance of the distribution are large. In this
case, it is advisable to use the Student's "t" statistic to obtain
the estimates for points of truncation. Althcugh the Student t
distribution has not been covered in this dissertation, the the-
ory can be found in any elementary textbook on statistics [see

for example, (Green and Margerison, 1978), (DeGroot, 1975)}.
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Thus, the value for the points of truncation for small samples

would be:
6= ‘:n‘l.a/Z‘S

where:

[ : point of truncation as defined in section 3.4.1

L3 : standard deviation of the sample mean

,  Student's statistic

n-l,a/2

a ; significance level

n : number of residuals

The value of t may be obtained from statistical vables.

It is with relief that the Inverse Gaussian distribution vas found
to be inappropriate, as the statistics relating to this distrib-
ution are complicated, and, in general, non-parametric methods

would have to be used for inference.

7.2 RECOMMENDATIONS

Based on the research work carried cut in this dissertation, the

following recommendations can be listed. These recommendations

will, in the first instance, be valid for survey work carried out

on projects similar to that analysed in this dissertstion, and

secondly, may be considered applicable to more general surveys.
-

1. Theodolite observations should be reduced using & method that
will either eliminate or minimise tue correlation between the
final mean directions. In this context, the method outlined
in section 3.4, in which the observations to the R.0. are
ragarded as checks, would be applicable. The practice of ap-
plying a horizon closure error would introduce correlation

and should be discouraged.
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The residuals obtained from the reduction of the observations
should be tested against a Truncated Normal distributivi. The
Chi-8quare goodness-of-fit test can easily be applied, and
should become a routine part of the analysis of the measured

quantities.

The calculation of both the coefficients of Skewness (¥,) and
Kurtosis (¥;) will provide additional information concerning
the shape of the distribution, and can be used as a guide for

assessing the validity of dis. :(bution assumptions.

The nature of the project undertaken, and instrumentation
used, may require that the observations are sub-divided into
different classes for analysis. This is parvicularly impor-
tant, {f significant meteorological and topographical dif-

ferences can be identified within one project.

The points of truncation from the distribution describing the
residuals should be used to identify residuals that may be
regarded as cutliers. The observations pertaining to these

res{dusls should then be considered in more detail.

Further research into the application of the Truncsted dis-
tribution related to statistical inference for pasrameters
estimated from a Least Squares adjustment is required. This
topic is presently being investigated in the Department of
Surveying at the University of the Witwatersrand,

Johannesburg.

-
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APPENDIX A. TABLES

Three Tables are given in the following pages.

4. For the standardised Norma! distribution, and
b. For the Chi-Square distribution

¢ For the Kolmogorov-Smirnov test
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Table Al: Aresa under the Standard Normal density function
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H(t) t H(1)

030 00000 1.20 08878
035 Q0003 1.25 09121
040 00028 1.30 09319
045 00126 1.35 09478
050 00361 1.40 0.9603
0.5% 007112 1.45 09702
060 01357 1.50 09778
0.65 0.2080 1.60 09880
070 02888 1.70 09938
0.75 03728 1.80 0.9969
080 0559 1.90 09985
085 0.5347 200 0.9993
090 06073 210 09997
095 0.6725 220 0.9999
100 07300 230 0.9999
1.05 0.7798 2.40 1.0000
110 0823 2.50 1.0000
115 ).8580

Table A3 @ Values of H{v)
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APPENDIX B. EXAMPLE OF THE "THEO" COMPUTER PROGRAM

T T L e Y LT TR R YT T Y 2Py 2 1Y
REDUCT (0K OF THEODOL ITE OBSERVATIONG

T T L R A T Y E R T Ty Y T

CENERSL  THFORRBATION

0 2

Date ] 1@ January Ul Ingtrument @ KERN DEMT 4149400
T sme vwr + 1.8,
Boatwr L % N

¥

wWeathyr Cooditione

® Code cumbers (o creste tave sC sk 0 these detar C. B2, Ab
s The cutput of all the observetions 18 In JEgrewk, Sinutes. seconds

D S Y R Ty N R T T T I TRy ey

£0340

woee

BEC W3, 3

.

No Bt point Gbs point < LR ME S
i By ¥ 26 I8 Bb. 2 lés % 130 126 2% 4. b
2 N 8% 39 48,9 N AR B4 S 39 81,2
3 3 I8 2% K17 46 3@ @71 276 29 89.4
4 @ 761 I8 .8 61 28 38.4 281 285 AB.7
s 2 298 54 12,4 118 54 3%.8 298 54 23,9
3 oL 58 B2 49.4 249 =3 3.7 68 32 %6.7
b ¥ 126 24 %%, 6 36 2% 13.0 126 2% 84,7
ARG WY 2

"

N sg voint Ote point 't R MEAN

) |74 ¥ 121 % 04,8 A1 N6 AB.H 171 %& 32,8
2 ~ F IR EEY 73 11 8.6 2%1 11 19,7
b3 ¥ 2re R 1.4 w2 @ Zs0 272 B8 ?6.8
. 9 187 ve 0.7 127 88 1% 387 08 87,9
5 1 Xa4 0% &% 164 24 8.9 344 2% .7
& B, 114 24 18,4 94 08 A8 114 284 26.8
T F 175 36 23. 5 51 Be 4.9 171 %56 32.0
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Noy St peant (e poang Lb LR ME N
t B2 £ 216 %7 51.9 36 58 89,3 216 58
H N 298 12 ¥0.8 116 17 S6. 1 296 12
: € 117 B2 S48 117 81 94,4 317 @z
4 © 352 01 IS 177 @1 442 ELFaN
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& F0 159 2% %83 I 26 86,4 5% 7%
7 £ 216 BT 82,8 %6 18.6 216 %8
GRT NO. 4
M Bt noynt e puent T i " A
' B ¢ e o 7 D e 16,9 262 B9
2 u LY T S ihi 1% @49 a1 14
3 Toey Lol 1D #% 18,1 2z en
s © 27 @3 38,7 217 @3 49,8 37 a3
] 4 74 39 24.4 %4 29 4.5 74 29
. , & Pt R4 17 %94 24 28 12,8 204 28
A b4 £ 6P B0 87,4 ac 88 17.7 262 0@
ORENTATION CORRECTION OF ARC NO, 2 » 45 31 27.8
ORTENTATION LORRECTION OF ARC NO. 3 » 9@ 32 %7.4
ORIENTATION CORMECTION OF ARC NO. & » 135 318 06.9
St ooint Oos point  NEDUCED MEAN JALUE FOR ARC NO, 2
N B? ¥ 126 25 A48 Lo
N IH% IV 51,9 .
- € 226 29 58,9
© YL T I
b 298 %4 Q3.9
Pl 48 %2 %8.8
4 i76 7% 84,7
)
4
:
;
H
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Bt poant (Mm poynt
B ¥
N
¢
@
)
P
*
8t woing Obe oornt  REDUCED MEAN VALUE FOR BRL NG, 4
B 2 1os U oRY. e
. N HELAEL I SR
N [3 R T T :
o De1 T8 N7L?
o om B4 20
POL a8 5T 590
- ¢ D6 Y% @%.s #
. R
Gt peone Ots paint  FInag
. 2 ¥ 176 7Y 04.4
~ 205 39 51.7
3 7i6 29 9.8 ;iz
o 261 I8 39.8
o 798 %4 73,7
POL 60 B2 39,3
L3 126 7% 04,7
gx
;
HORTION UL OGUKE ERROE Damc ] = A, 008 ‘
CORRECTION [ame) = B.8500 N
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B 3
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13
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et R e D v DY - L
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N LIS S S - 2.6
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W25 o 08 N8 Y @ L.
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w2t . 5 4.7 CRE N
SR R .4 PR
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HiZL T - 126 2% @L.9 -« 3.9
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[ I3 I - TO% 3 821 o« B9
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Liea Ny - THE %4 2T e -y
i 6w LU RS P T
ALty CATe U B%.e e @9
-~
O NDC DF GBSERGRT TOMGL RESTDUGLE » 08

STANDARD DEVIATION OF & DIRECTION - wigmata) = 1.9918

SYANDAKD DEVIATION OF THE MOan Krpmaivt = @, 704D

L e Ty N L Y L LT LT vy,
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APPENDIX C. EXAMPLE OF THE "HI_DI_TEST" COMPUTER
PROGRAM

Note that, the data used are the results from the example givern

in the Appendix B. L

The following exampie includes the Chi-Sqguare test in the case

of the Normal, Truncated Normal (25%) spd Inverse Gaussian dis-

Trihutrons.

After this, three plots of these distvibutions follow.
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L Ty e T A ] © essamsnserssne

*  The DODf sumbers for data files eore s O B2 B68 - [ BZ Be9

CHSEFVAT IDNAL RESTDUM

.
. e N bt
AR e R AW L R n D SO P,

F . TOYRL NG, OF OBS. RESIDUALE = 28
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AAFARSTRIARLERRASAAANIAALEENRAIA TSR VNS AR SRS AR RV S SN A RS ¥ 2T

NUFMOL DISYRIRUTION

T ORETIOA. roefiioient of SFEWMISE - @

TR CRETIOAL rowéfioient of RISTORISE = 0

AT TUAL coefiicamat of SFEWRESS -« o, 2aw

Ve MocoefFiorwnt oF PURTOEIE » 0 09

TS N R e B B 2 e e T S B A S U U A

. e e e R
ook < B DU AR E GOODNESS-OF-FIT T E B Y

. e o o e

L ASY CLARSIF, OF THEDRE T TCAL OBRSERVED

INTERVALS (sec) ORG, RESIDUALS FREJUENCY 1 FEREQUENLY in)

. [ RS
.42 2
“1.9@ - EE RS LS
1.8 L 1
~1.78 RS-0 L]
L a9 L]
L 1] P
-1.8 71 t
1. AR AR
toee @
110 2. 900
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e
1.8 1,33 i
@, e BTd
o7
8.9
e.9
8.9 1.8 4 o
.7 .50
@6 IS 33 b
@58 2P SN
2. @
R TR - Q. @0
L.
3
.3
LN
a2 R 1 ] 3
e T
3.
@3
@t Q.04 M
2.2 @R
2.1
s T8 <z
@R BLER -
2.4
2.4 L) 2
B R BB
R4
2.5 2.81 2
2.7 - @ @
w7 1. &8 1
] 1,100
@9
“.9 1.33 2
118 - 1. 3¢
1.00 [}
.18 - +1.50 0
1.4 .71 1
LB - et 7RI
- L3 - .49 1
.78 - 4198
3 L
190 - LR AR
18 ]
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PRRBIRETY e
1T ]
JEL @ o8

Hioce the Theporstical Evpected: dreguency for each ciéss interval should not
e LESS tran B, wi navw the folloeing 4 NEW categorses:

LEEN TUEORE Y IO DREEFVED
! FREGUERD Y e EEFOUEND Y fen Py D i
- LB AR PR 7 L 1Es
. Q.7 .18~ LA & Lawz
#
-3 . S@-0 5. e % o. 208
-7 A 1@ 74 e . 3o A
e o pa:J SB%

The Tavle A7 (Appendix A) Rives t

Fr2B.eNe, B o= B, 991
Since s
LR A SN il
1t reans that at the 5% level of significance the sample distribution isg

-
CONS T B TENT

with the hypothesis that the parent distribution 1% NORMAL
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TRUNCATED NORMAL  DISTRIBUTION { 95X )

e

THEORETICAL cowféicient
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ACTUAL coetficient of

e T

of BREWNESS = 8

of KURTOSIS = 3.208

GYEWNE S « +B, 749

FURTOBIE = +3, BBY
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INTERVALE {sec) GBS, RESIDUALS

o e i e e e

TESBY !

e §

THECREY 1O UBEERVED
FRECLENCY (m) FREUENCY (n)

-1, 72 - ~3. 7@y
@3 [ ]

~1.78 - R TR KRS
-1 2

~1.%0 - EEER X
“l.a T 1

“1. 38 - -1, 180
1.8% L

-1, 18 - ~R QL)
-1.@ 1.49 1

@, 90 - ELE4 A

%
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1.7 1
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INTERVAL S [wec ) FEEIENCY e FREGUENCY (n)
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CONSBIE&ETENT
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APPENDIX E. DATA

This Appendix includes the data used for the first computer pro-
gram ("UHED™). These data sets have been observed by Professor
I B Watr.

The data nave been separated into two categories:

1. from control points to contro!l points, and

J. From control points 1o face points.
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E.1 FROM CONTROL POINTS TO CONTROL POINTS

SEERCINI TR ORER I RN RN E IR AT ORISR SRRV ERIIRINRILSE
REDUCTION OF THEUGDOLITE OBSERVATIONS
LR R R R R R R N R R A R R R R R R e adil)

GENERAL  TNEDRMATION
Date ¥ arviary 1980 Instrument ¢+ KERN DKR3 81694608
Cteer var ’
Baaker *
Nesther Conditions i

i Jan
1.B.w
.B.w

¢ Code rusbers to creste/Nave access to these dater O, P, Bb
28 The cutput af all the obser vatione 18 10 degress, minutes, ssconds

RESEROEN A U RORRRRESRR RN IR NN SNt asBut Rt UsOUNsUNIREOsRERSERsRERRLINSBinENS

| . oo

ARC NOL 8

————————

Bt point Ote point cL
1 [ ~ 187 32 19.% 7 32 30.3
2 E 217 82 26.4 37 32 8.6
3 [} 269 26 11.9% 39 24 19,3
. o 14 08 99.2 134 09 08.2
s c 349 33 %8.6 169 34 08. 4
P [ a2 12 03,6 222 12 0.8
? N 187 32 21.4 7 32 3.0
. ARC NO. 2
recememuans
Noy e poitat Obe point L R
1 3 N 232 33 %0.3 52 34 00.0 ’
2 [ 267 %3 %3.0 82 54 0b. 4
3 @ 314 2% 39,0 134 2% AB. 9
. o e 10 27.9 179 10 39.3
] C 34 B3 29.3 214 8% 39.8
& ® B7 13 39,1 267 13 50.4
7 ~ 232 33 50.2 52 33 %9.4
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-
Ne Ht point
1 ¥ N
2 €
3 @
4 o
B [
3 &
? N
No B point e point
H [ L]
2 E
3 ]
4 o
5 19
s ]
? L3

Appendix E. DATA

axC NO. 3

aARE O NOL A

-

ct.

322 36 330
3B27 36 87,3
44 28 38.8
&7 13 9.9
124 38 33,0
177 16 41,7
32T 36 %40

97
127
179
el
Pl
B3 ¥

g7

142

224
269

387
142

R

37 O%,.4
%7 07.3
8 47.3
13 40.8

16 82,7
37 03.8

AR JM'&
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BEEEEESPARSRNRANCESEIIRUAERTREARURRENEEINTUELRUTTIEREENIETSINSRNENS
REDULTION OF THEODOLITE OBGERVATIONS
BRSUBOSREENREBEE AN RRR RN NN RN NSO NSNS ATRRESROITEOTINESE

BENERAL  INFORMAT ION

B

Date t 1 Jarusry 1980 Instrument «  KERN DKMI #169608
Goser ver t L.B.w
Bock er LI 9 -
wWeatrer Conditions i
* Code nusbers to crrate/nass access to thees datas 0, 68 , Bb
#% The output of all the chservatione I8 in degress, sinutes, ssconds
Fooa
é\ SEEOEIRSERISATRREER IR RN NN RSE I REN OISR NN N NREOIRAISRIRRUEsIIRRISESCEN
ECHO
3 e
i
ARD MO i
o -
. NO Bt point Ohe point [~ CR
H a F TH 04 o@. 5% o4 0.9
z ] 327 00 26.% 47 00 40.6
b4 N 265 8% G148 85 55 14,3
L) 1 3 287 18 03.4 107 18 17,0
a9 A v 21 30.) 180 25 49.4
& PO 217 %Y. 201 18 17,1
r 7 ¥ 75 04 08,4 255 04 20.%
i
P
L
ARC NO, 2 i
F‘ . - ‘ . %
#t point Dbs point oL (] .
— oI PSR — i
[ [:} [ 120 0% 40.1 300 08 31.9
2 o 72 01 38.3 2 02 10.4
3 N 310 %6 351.9 130 956 43,7
. E 332 19 34,6 1%2 19 A%.2
-] s % 22 87,7 2% 28 10,9
b POL 66 19 26,1 245 19 38.3
7 ¥ 120 0% 38.° 300 03 W10
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ARC NG, Y

LTI

Noy Bt point Gbs polnt (% LR

H ] [ 164 42 48.2 TA4 A3 00,7
¥ o 2ts 39 08.3 P34 39 18,0
X N IU% 33 40.3 17% 33 50,0
4 [ 3 16 Ba A%, 8 196 %46 S48
] a FO GO 15,9 2T 00 16.%
& [ 8 110 %e W3 I90 BL A%,
ke ¥ 1hY 42 49.8 344 43 01,9

ARC mD. 4

s

wo Bt paint Obs potnt cL =]
t ¢ ¥ 20% 44 216 29 44 314
2 3} 1A a5.n 181 40 49,8
3 N 40 3% 15.0 220 3% 24.%
) € sl %8 14.% 241 S8 7.4
s a 13% 0) Al.e 1% o1 B3
s [ LS %8 10.8 335 SH 20.%
7 13 209 44 21.2 29 44 331
-
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EEEUNREES NSO RN EA NS RN RN RRR OO RAEINRREEESEINSEERININS
FEDUCTION OF THEDDULITE URSERVAT TUNE
POPTAEI ISR NN RN NN AU PN TN IAB RN RS n RO arFRRRROESRISIS

GENEFAL TNFORMATION

Date 11 Jarary (980 Instrument 1 KERKN DEM3 #167608
Otwer ver o l.B.w

Bk or ¢ LB

Weather Condstians

1 Coge rumber s Lo createfave access to thess datss O, F , 886
B Tre sutput o Al the cOservalions 3% 1N gegress, RIinutes, seconds

EINERAR RN NN RN RN PR R RO R R R R NSRRI PP AR RSO0 RIS RRANIES

E1H0

-

ARC MG, 1

P ]

Ny St poiat e point <1, R
1 [ oL 347 47 46,4 162 47 52,8
2 o 242 32 44.3 62 32 81,4
3 a %8 04 12,0 78 08 17,8
! N %% 33 32.9% 79 33 37.4
s a 768 59 19.1 88 59 27.7
® [4 271 01 01,7 91 01 11,8 :
7 e 260 47 26.3 100 47 34,1
[} o 29 33 3%. 4 116 33 42,2
9 8 299 3% 0%.4 119 313 18,3
10 5 304 39 %9.0 12% 6o 03.9
; t oL 347 47 46,2 162 47 53.% :
ARC NO, 2
- PR Ao T T

No Bt point e point CR

1 ¥ POL PR LR TeR 4 207 A A7, 2
2 4 2687 34 38,2 107 34 8.3
B [} 360 06 08.9 120 06 11.4
. N 304 38 28.7 1264 3% 33,7
5 ) 14 01 1%.6 134 01 22,1
6 3 316 02 87,3 136 03 0%.5
? '} 329 49 17.9 14% 49 26.4
[ D 341 38 31,4 161 3% 36.0
9 B 344 37 03,7 164 37 09.9
10 c 350 01 30.4 170 01 96.8
1" PO 27 49 414 207 49 47.0
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ARC NG, 3
e
Mo Bt paint Otzs point i R
1 ¥ £, T2 OB S&. 9 N B 000
2 2] BEZ 3% %06 1%2 36 008
3 a8 348 07 20,1 18% 07 4.4
4 N 34% 34 39.% 169 34 45.4
% A N9 G DbV 179 02 33.8
& [3 LIRE R Y Nl 181 04 16,4
* @ 10 BO 3.4 190 %0 40,5
B & 26 36 3.8 b Zs 49,0
@ 8 29 38 18, % T O3B LY
10 N SO 039 #1% 03 10,86
1t P TE KO BH.O o2 "y 00,2
AR WO L]
T —
Ny HY point Dhe paint oL CR
1 ¥ POL 117 %Y 8.2 97 32 30.0
2 o 17 3% 17,0 197 37 24,7
3 8 30 08 4%.0 210 08 54.0
4 N 34 38 00.8 214 38 13.7
] a 44 03 %8.0 24 04 03.9
& £ 4n U% AC. A it 0% Ab.A
Ed Q uE %2 083 238 ¥z 08,35
L) 1 71 38 14,9 %1 38 18.6
9 L] 74 3% 474 B4 39 54,4
0 C BO 04 36,7 260 04 37,7
13 B 117 W2 23,3 297 3¢ 3.9
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FEREREN SRR R RN NN AN NSRS NN RN NSRS NI ENR O N AN OIRRUERESRUNENE
REDUCTION OF THEOODOUITE OBSECVATIONS
CEEL A RN AN TR RV QR RS R RO SRR RE NSRRI N R USRI RN SLENESRANSRETERIEYN

GENERAL  TNFORMATION .
e

Date v 2 January 1980 Instrument + WERN DEMY #169608

Craar ar vooi.B.

book er [ SN ]

weather Londitione i

t Lode nusbers to o eate/have actess to thene datar C, N, 86
B The cutput of all Lhe cbser-aticns is 1n gegrees, sinutes, seconds

EEOONRSEER RSN RE SN NSRRI IR IR E RN NI RN ORISR VRS RSRE RTINS RRSURIENENNS

ECHO

ARC MO 1

e

No Bt porat =% =
1 N [N 39 48 07.0 219 42 24.6

2 A T 3 %@.4 247 37 18,3

3 £ 79 33 27.8 789 33 6.3

4 8 g% %% 02,4 24% 38 211

s o 167 19 5%.0 347 20 08,3

3 € 323 59 046 145 89 19,7

7 8 18 49 8547 198 S0 12.6 5
8 PO 39 48 08.0 219 48 28.2

F‘ . arc N0, 2 i ﬂ

. —

e ol pent et « o ]
i ~ POL as 29 4%.8 204 B9 BB. &

2 L] 112 48 34,3 292 48 49.0

3 ¥ 124 4% 08,7 304 43 23.8

4 o 131 0s 38.8 311 06 83,7

% [} 212 31 2708 32 31 39.2

& E 1110 42,3 191 10 83. 4

7 B 64 01 32.8 744 Ot 46.4

-] POL a4 49 a3 264 %9 6.4
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ARCONG, Y

Nes B opoint Obs point =Y [
{ 1] #LL 130 01 12,2 340 0y 270

@ A LR EAN- RN T R ) 137 WO 16.8

3 ¥ 149 46 37,0 349 46 %1.3 .

3 a4 74 08 1001 AMe OB 2208 o e
k- ) 2uT %2 B9 4 TE 33 2.2

- 3 Me 12 100 & e . N

* 1 4 1% 03 04,4 8% 03 13,0 e
L] LN 130 01 18,0 110 oy 27.8 s

ARE MO, A
P —

My S poant e puint CR

1 " POL 17% 02 46,7 388 ©3 00.0

2 A $02 %t 37,8 22 %1 48.9

3 ¥ PEE L B Y 34 48 9.8

* a L0 A4 4% 09 319

5 o B2 2% 3003 22 34 46,3

& E 1O1 13 Ay 281 13 58.0

7 B 1%4 04 4.7 3134 04 47,5

4 L N 17% 0% AT INS 0N 00,3

i; %
- #
E
* .
Appendix E. DATA 189

“B Al = & \J"ihh. P 4’“"[



SEASSSOINUENNU RN SNBSS RO NIRRT RNt PO RN RLETRRET LIRS
FEDUCTION OF THEODOL [TE OBSERVATIONS
BEREEE NSRS AN IR U RIS E SN A NI VRN ARSI NN C RO RN AR NS LN EN IS

BENERAL  ITMFIEMATION

0

Date + 2 Janusey §9E0 Tretriumeny 5 FERN DKWY 8147403
Obwer ver Po1.E.w
Book er ' 1. B.W

'

weather Cornditions

& Cocw numbers Lo oreate have scoeue (o thess datar O, 0O, 84
8 The output of a1l the observalions % 10 Jdogress, Sinutes, seConds

NERS LR RIS R ORI NP R R A PR RN SR A R E AR AR AU RSN R RN NI R T ERSRERNNES

£0H0

o

ARC WD, i

e

No St paint Otw point L R
1 o = 29 %1 1504 0% %t 3.8
2 A s 49 uSm. Y 216 350 07,1
3 a 47 D0 3.8 227 0D 6.7
4 ¥ 47 32 46.4 T42 3% 0.3
5 £ TI7 BO A4S 187 %0 87.6
& L] 147 19 BX 167 20 07,4
k4 [ oM 1.2 20% %1 33,4
ARL ONDL

o

No St point Obe point oL cR
i n POL, 74 %2 510 %4 53 08,3

z a a1 %1 32,6 261 St 381

3 8 92 02 08,7 272 02 14,7

4 £ 107 34 228 207 34 29.0

s € 22 %2 21.% 202 42 27.4

& N 22288 212 21 W7

7 PO 74 32 %1.7 254 %3 08.0
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Mo 8t point
i 4]

s

X

4

3

&

r
Moy 5t poieat
1 o

r

3

5

5

&

?

-

Appendix E. DATA

ARG MO 3

P

Obs point =% cR
POL 119 %4 20,6 99 %4 2772
A 126 52 58,7 306 %3 004
[ 137 03 34,3 317 0% 3 4
3 192 1% WT.Y 132 3% %2
E 67 %3 B0.0 247 83 82,
n 77 22 6.9 2%7 23 0%.%
oL 11y ma 20,7 299 %4 29.4
ARC NO, 4
(R
Obs point cL R
PO 164 S& 24.7 344 36 26.%
A 171 33 o1.6 351 X8 06.3
a 182 0% 38,1 2 03 38,7
£ 197 37 %47 17 37 86,9
€ 112 5% S6.1 292 %3 %87
N 122 24 %8.% W2 2% o8¢
POL 164 %4 24.0 344 56 8.3

" a nld .s,ur"-..

.
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SERCERENERNENSEO RN ORSEEERRNIURANERURTONOEUITRININBORNRINENINS
REDUCTION (F THEGDOR [ TE OBSERVATIONS
TN SIS I LIS N SNBSS NP IR RSNSOI EREIEERIBOVIES

GENE R INFORMATION

0

Gate T8 me;a ¥ 1960 Instrument +  vi&N DKMI 8169608
Crser ver 1 1.8,
Buok er 3 i, F.

s

weather Conditions

3 {ode numbere to create/fave access to these datay O, Q , B6
£3 The outpur of all the observaticns s 1n degrees, minules, seconds

# L Ny R R e ey T Y eYY
ECHO
4 wasa

ARC NGOt
5
" Bt omr\( {)b‘ pmnt L

1 @ O &8 29 u5.8 248 33 07,3

2 8 T4 3G 37.4 234 38 52,0

2 " oY 24 11.0 269 24 21,9

* F 100 47 21.8 280 47 35.4

s A 108 ¥4 808 e 28 08,8

L] E 131 Z8 21,3 31y 2@ 32.9

7 4] 10 08 A%, 0 190 04 L6, 4

8 C 42 33 51.2 222 34 0% 8

9 v &8 29 2%.4 248 30 0.4
‘ . ARC N 2
P —

No L puint O*u nolnt (=N CR

1 1) [ ¥ 113 31 k9.8 293 31 40.3

2 B 119 40 11,6 299 4% 22.9

3 F 134 2% 38,6 314 25 33,0

4 ¥ 145 48 52.8 123 49 05, 4

3 A 153 26 23.8 333 26 3%.%

& E 176 29 30.8 336 30 05.7

7 o 58 06 16.6 33 O0s 20.4

e o 87 38 24.7 267 33 40.0

9 FOL 113 31 8.7 493 31 40.4
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SEGSERRBEREINBIONEREIERRI RN NI U RIS NRRIERNTTUSTOONRIRRNEELEIRSE
REDUCTION OF THEODDOUITE OBSERVATIONG
L R R Y R A R R R R A R R R R R R A A R R R R

BENERAL TNFURMATION

2

Date 1 B January 1980 Instrument ¥ CERN DKMI 81694608
Ueer ver ¥ LS -}

Booker H 1.F.

wWeatner Conditionw s

8 Uode sumbers to create /have aucess Lo these datar €, 0, 86
B8 Tre sutpur of all the observalions 18 in degrees, sioutes, seconds

BEERSRTIEr SR IR NRTIEUN NIRRT IS AI RNt RS ORARRRIINERENTRNT ISR USISNNRUSS

EUHO

-

ARC NOL 1

-

L. Bt point Dbs point (= LR

i o FOL &8 29 5%.8 248 30 07.3
2 ] T4 1@ 37,4 754 8 B2.0
3 L #9 24 11.0 269 24 21.9
4 F 100 47 2).8 280 47 35.4
3 » 108 74 30.8 88 2% 03,5
s E i3 028 1.3 311 26 32.9
7 1] 10 04 4%.0 190 04 6.4
B € 42 33 31.2 222 34 (5.4
4 POL b8 I9 53.4 48 30 Q7.4

ARC NO.L 2
No WY point Obs point cL cR y
1 [} POL 113 31 29,8 293 31 403
2 :] 119 40 11,6 299 A¢ 22.9
3 P 134 75 38.6 314 2% 83,0
. 13 149 48 %52.8 3128 4% 06. 4
] a 1%3 28 21.8 333 26 33,1
6 E 176 29 %0.8 336 30 08.7
7 [ 38 06 16.6 233 06 28.4
[ c 67 33 26.7 267 3% 40,0 .
9 PoL 113 31 28,7 293 31 40,4 :
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‘

Gt

R

Gt point

4]

Appendix E. DATA

O poLet (=4

ARC NO. 3

5w

%8 5%
164 43
179 27

=

2y 3
100 o
[
156 13

ThumpMTE Y

£

ARG NG, 4

e

Ot poirt [%9

203 14

PO,

B

» 24 28
3 38 M
a 24y 29
14 Ibe 32
] 148 o9
[ 177 38
B 203 34

190 B0 §
196 27 9

TR

339 Ay
324 a2
e 27

18 28
a0 08

212 37
338 33

14.9
GO,
27.%
39.7
10,4
1@.9
03,3
13,0
14.4

40,7
3.5
53.9
o, 0
35,4
G0
30.7
37.3
40. 8
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BETCNEBS USRNSSR RSN SR T ORI N LR RNV R SN NN RS ERE VB INTRRNIENRLITSE
REDUCTTON OF THEDQDIL 1TE OBSERVATTONS
B eI H AT AU E R R IR I AT NS URTE O N AN R RNV E IR RTINRIES

GEMERRL  INFORMATION

B P R

Date + 8 Jeouary 1980 Instoument ¢ FERN DEMI 8169408
Otswr wer H I.h.w
Booker + 1.8.w

'

weatrer Uonditioos

0 {oge rusbers (o create/hace sccese to these datas C, E , 86
9 Thae sulpul GF 211 Ehe ODRECVATIONS 18 10 degrows, MLAutes, ssonde

B RN NN NN PR RN R RN NSRRI IR NN TR IN RSN RSN

EOng

ARC MG,

cmmsecnEnREm

B poiat (e patet i (M)
1 13 Lar ™ Tl AT P49 231 A% 3.7
€ ¥ 91 o1t 1.6 7y 11 06
3 # 93 16 09,7 73 16 138
. & 107 28 01,1 267 28 co.8
» N 146 OB 58,7 36 09 03.2
b o 1%6 00 38,1 338 00 440
r @ 311 38 0.4 131 38 25,4
9 o 242 13 423 162 13 48.9
L 1 10 06 D1 190 04 46.0
114 5 39 050 00,35 219 B0 0% %
i PO Bl A% 8.4 3% 4% 32,4
aRC WL 2
- .

L] B potnt (s point R

1 [ 4 PR 96 46 B4, 1 276 A7 000
2 ¥ 136 12 27, 316 12 33.3
3 A 138 17 363 3B 17 4%
L] a 192 29 A7 332 29 34,3
-3 N 191 10 8.8 11 10 3.8
b 4] 203 02 09,2 23 02 12.0
7 @ %6 39 A%, 6 176 39 53.98
8 o 27 18 10.% 07 1% 18,1
9 [ 55 08 09,1 QI 08 14.8
10 B B84 %1 20,7 264 91 32,4
11 Pl 96 An B4.2 276 Ab 9.8
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aRC NO. Y
o Bt ponnt Hus point oL R
1 € poL LRSI P T B3 39,4 ¥
2 ¥ FEE W 0201 £1Y 0%, 8
3 @ B3 24 19,8 128 208
L] o TRF V& O, 17 e 119
- i 2%k VT us.t b 17 3i.b
s [ 248 08 A4 @ o 0B 83,2
¥ a 41 4a 24,3 ¥ as 33.0A
L] o e 21 M TN 21 %81
» [ 1A 47,7 WO 14 34,0
10 ] 129 %8 08,3 0V %8 13.8
it PO 141 %3 TN 321 %3 39,8
vy asp w0, &
L] Bt point Ube point = oR
§ [ PN 186 B4 48, 6 54 33,5
¢ 2 ¥ Zie 20 10,9 4s 10 2.8
3 “ 28 Im 30,9 a8 0% 377
. 5 242 37 2.3 a7 57 8.8
s u Ec TORT AT Y 101 18 29.8
s o 9% 09 Sk 1Y 10 083
7 9 an a7 37,7 T6s 47 8.0
8 o LY 23 019 %7 13 12.2
* [ (4% 18 01.8 I 1e 09,0
1o [3 174 %9 30,3 WA 8% 20,
i oL 166 %4 A4, 3 b %4 B4,
-
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CEROSTROREERROIRUNANOERUURCOENIIRERI RN ARREENNBOsRNURRRLEINILETR
KREDUCTION OF THEQDDUITE OBSERVATIONG
BUTL OSSO E SRR TSI NN NN RN NN RN ARSI R RN RN RNSNNTOINISS

GENERAL  INFORATION

2 .
Date OB January 1980 Instrument 1 VERN DkM3 #1469608
Ot nur ver vl BwW
Book er v LB
weatter Uonditione g
¥ Dode nusbers to treate /have sccess to thewe datsr T, &), Be
BE The ocutput of all the cbssrvetions {x in degrees, minutes, seconds
SO E R BB RNV NIRRT NRS RN RSN OR AR AN AR I IR NIRRT RIINNNNNS
ECHO
# -
aFel W, 1
PRS-
Nes Bt point s paint (AN CR
1 Al PLH 24 %1 450 04 B2 08.0 Ll
2 ¥ a8 %9 13.3 268 uR 34,1 :
3 G 180 21 19.3 O 21 44,9
Ll @ 216 49 45,4 36 B0 07,4 .
3 N 247 36 .4 67 37 13,7
- E I3 0k 06, Y w3 06 29.6
l; 7 G 28 24 nO.@ 108 75 08.5
[ ] 19 35y 33 299 131 33 49,0
» 4 3z 40 Y02 188 40 B0, &
0 B 33W 29 6.8 155 30 00,0
‘. 11 o 24 31 A5 A 04 B2 07,3 i
ARC D, 2
- -
Mo Bt point {ibs point (%9 R
13 AL FOL 69 T4 20.4 49 %4 40,0
2 ¥ 134 0L 46.5 314 02 01,9
3 5] 3% 24 00,3 A% 24 1m.r
' 4 4] 261 %2 19.2 B 82 37.8
s N 292 3% 24.4 112 39 45 4
[ £ 310 08 41,4 138 08 37.7
? @ 333 27 24.4 153 27 80,4
L4 19 s 36 00,8 176 35 21.4
hd 9 13 4% 00.3 193 A3 21.3
10 B 20 32 11,9 WO 32 2.7
1 POk 69 B4 .4 49 54 39,4
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ARG NO, 3
.
e Gt poist Ot:e point (o9 CR
! at POL 114 56 %41 294 97 07,1
2 3 179 04 18,9 I8 04 30,7
3 (] 270 26 9.1 GO 26 AN T
4 o 306 %4 A9.7 174 %% 07.8 .
k4] N 337 4y na7 157 42 1.6
& £ 311 0% 183 11 26.7
? ] 80T %44 198 30 08,1
8 [ 41 I8 30.8 221 38 46t
4 < E A% 331 23 4N A8V
1o B &% 34 38.0 PO LT P
i1 (SN 114 %6 BZ. 94 94 %7 08,
[ aRD OND, 4
-
Mg Bt point obe point (%W [ e
¢ t Ay PO 1%9 %8 17.4 339 58 27.2
2 d 228 0% ML LLCLIE ]
3 ] 1Y 27 %6, 4 135 29 10,0
4 o I % 1.4 171 %6 3.3
% L] 2L 43 3.3 207 4% 34.0
& E 48 12 33.& T8 12 AT
r ) 43 31 18.4 243 31 32,9
a ] B4 39 59.% Z64 A0 11.2
. K [ 103 AH 89,3 283 A7 13,
L0 B 110 36 0%. 4 290 38 20.4
LR BOe, 159 %8 18,4 339 %@ 27.%
- -
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‘I"‘il’!llll.ll'll.lllll'l'll".l‘l‘l!!'l.llll‘.lll.l..l”.llll
REDUCTION OF THEODOLITE OBGERVATIONS
UENSASIRNRERAN BT AR IS RS U NN RS TUSN R SEORINNSO NIRRT RRIRS

GENERAML,  [NFORMATION

9 e

Date # aruary 1980 Inst-ument ¢ FERN DKM 6159608

Otiswr ver 0 L]

Booicer ' L4
v

Weattwr Conditions

a9
1.8,
1§

* Code numbers to create/have asccess to these datar C, _#2, 86
$3 The putput of all the obuervations is in degress, sinutes, seconds
L R R R Ry R T Ly R Ty s R RN R YA Loy Y
ECHO
E4 P
ARD NO. 1
PP
H . L St pmnt Dus point ct R
1 a2 PO i4 B A7, 8 204 81 B6. b
4 F 68 %y 12,9 268 5% 1.0
3 ] 180 2t 768.% 0 21 38.6
4 Q 216 49 44,9 36 49 57,7
* N 207 36 B4, 67 37 03.4
& E 273 06 08,3 3 06 18.9
k4 [} 2808 24 49.% 108 24 58.7
] 4] 311 33 9.6 131 33 41.8
L4 [+ 328 A0 M08 148 40 40.8
13 B 3% 29 3.0 145 29 48,1
F" 11 O 2% 3i 220 204 51 S6.6 . :
‘ E
ARC NO. 2
- AR —
No 8t point ()b; point tu CRr
1 AZ PO 114 %4 34.0 294 %4 39,4
2 F 179 0§ 55,9 389 02 02,3
3 G 270 24 10.8 90 L4 19,8
4 o 306 32 28.8 126 M2 45,9
1] N 337 39 17,4 157 39 45,8
& € 3 08 50,2 183 0% 00. 4
? 3 18 27 31.8 198 27 41.%
[ ] 2] 41 36 12.0 221 36 27.8
v 4 86 43 14.2 238 43 24.8%
10 B 4% 32 20.6 245 33 30,2
i POL 114 34 33,0 294 54 39,1

M R R N L R I

198 *4




lt'Ol"l!ll""l"l"llll'lllll.ll‘l‘lK!IIIO..‘.’.""."'."".
KEDUCTION OF THEODOL T TE OBSERVATIO
llll0t.lllllt‘ll!!'l(ll!!l'.!lllll..‘l!l!'lll!lllll.l'llllll!'ll

GENERAL INFORMATION

T T TP ——

Cate ¢ B January 198G Inwtrument +  KERN DKMI 8169608
Ot ver t 1.B.W

Bk e 1 {.8.w

weather Condrtions

¢ {ude rusbers to create/have access to these gatsr (O, Bl, 86
It The output of all the cheservations (s 1n degrees, micutes, scconds

BTN OES RSN NSRRI N OISR IO NN SRR RN NSRRI TN ENRRENRRNEENRERS

EUHO

posne

ARL NG, 1

GrEE e

Ney '3% point Ote point oL oR

1 B & 119 39 17.8 299 38 22,0
2 A 15% 29 A4y 33% 29 81,7
bl N 196 4% 57.0 18 %0 06, ¢
L] E 219 40 0%.8 39 40 134
k1 P 22212 8.8 42 12 1.9
& Q %4 38 AT .4 73 318 S4.8
? 4] 92 04 ¥ & 112 04 40.9
8 « 318 58 11,4 138 38 18,8
9 PR, 62 0¥ 11.7 242 03 19,7
10 119 3% t6. 6 99 38 21.8

ARC NOL 2

———

No Obs point cL CRr
' B ¥ 164 36 S1.7 344 36 %7.8

2 A 200 31 21.% 20 31 20.9

X N 243 By 38,7 63 B1 4%, 4

4 € 264 41 A4 84 41 501

L] I3 267 14 00.8 87 14 00,4

6 o 29% 40 24.8 119 40 31.4

7 0 337 04 08.9 157 08 1%.0

8 [ 359 47,6 183 59 84,1

9 FOL 107 04 B0 4 287 04 3.1
10 ¥ 164 36 %0.0 344 36 %6.2
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AENOENERANO N GRBUSHEE ISR RNERA RO N AR RN RN EPRRITEIRISRRILS
CYION OF THEODOL I TE OBESERVATIONS
ERBEEBRATRNES . A ABEO RO R RS ISR IR EL IR RN N TR U RRORNNAN ORI

BENERAL INFURMATION

B T T T T

Cate 1 ¢ Jdanuary 9} {ristrummnt v KERN DEM3 0169608
Db war ver r L Bow

Boot er t LBw

Weatner Conditions )

t Dode susbers to creste/have acvess o the e datas C, K2, 86
B2 The output of al1 the otservations 1s th degrees, sinctes, seconds

BISEECRI IR R Rt R E N IR ORISR SRR AN RIS NN P RN RSN ENRERS NN LS USSR

ECHO

ARC NO. 1

T

nos paint (% R
s 82 3 126 24 %62 306 28 13,0
2 " 20% 39 40.9 25 40 01.4
3 [ 226 29 1.7 46 30 07.1
. @ 261 26 30.@ 81 28 %0.6
s D 296 %4 12.1 118 54 3%.6
. POL 68 %27 48.8 248 53 08.7
7 F 126 24 5.6 306 23 (3.0 !
¥
ARG NO. 2 )
R T TN N
No Bt paint Obe point c <] ?
e e e - -
' 82 £ 171 %6 24,4 351 54 40.8 :
2 N 281 11 10.8 7111 0.6
3 € 272 61 17.4 92 01 3b.1
i . [} 307 00 0 7 127 00 15.1
) 0 344 2% 4, 164 26 01.9
6 PO 114 24 10,4 294 24 34.8
¥ F 171 86 2%.& 351 %6 41.5
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AR NOL 3
No Bt point Utrs point [« (3
1 82 214 %7 1,9 36 38 09.3
2 B 796 12 38.8 116 12 3b.1
3 € 317 02 54.0 137 03 0A. 4
. a I%2 01 32.% 172 01 44.2
s I3 29 27 11,9 209 27 29.8
s [ 159 2% %03 339 26 O6.A
7 ¥ 216 57 B2, 4 36 %0 10.6
ARC MO, 4
-
8t point Os potnt Tl R
i B2 ¥ Qe OGOV 82 00 16,9
2 N 3L 4 B3, 161 1% 049
3 € 2 08 02.3 162 0% 10,1
. 2 37 03 39,7 217 03 49.8
3 [ 74 29 24.8 734 29 38.%
& POL 204 27 59.4 24 36 (2.8
H [ 282 00 07,4 8z 00 17,7
i
|
,
-
,
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RSNSOI RESUSS OO RINRRT VRN ROURNIUERNRRRSRURERRENRRRNRRIRSNCY
REDUCT TON DF THEGDOLITE ORSERVATIONS
AUIVUS OB R RS E NSRRI NSRBI IR RN EE SN RREINAREIRsONAEEIRSRETS

GENERML. [NFORMATTON

2

Datw 13 January 9EG Instrument ¢ KERN DKM3 #149608
Uoser ver LI Y 8

Booker s LB

Weatter Conditions o

: 8 Code nusbers to creste/have access to these datar C, B3, 8

; B2 The outnut of 61! the observations 1w in degrees, minutes, ssconds
Y
I T R Ty g e T R P R N PP T TR R T LR L L L L]
ECHO
¢ .-
aRC N0, )
[PRSE R
. #t point e point [» 9 R
i i [ 3 F 177 07 12,2 387 07 ¥3.2
2 L 213 01 44,8 33 02 0.2
3 3 277 12 07,6 97 12 24.14
. L] 32 10 45,8 132 31 vl 2
k-] ] 349 36 30.4 149 34 49. 46
& c 16 30 10,9 196 30 30.0
? R 119 35 07.0 299 38 23,13
a ¥ 177 07 13.4 397 07 30.3
.
ARC NO, 2
. P,
No JBt point Gbe point (=¥ CR
— S PR - - X
1 w3 ¥ 266 B9 55,9 87 00 12,14
2 f 302 34 29.% 122 54 44.8
3 £ T OA 47,4 187 038 03,3
4 Q 42 03 28.3 222 03 4%.6
3 1] 79 29 13,7 259 29 30.7
& c 106 22 82,3 286 23 12,4
7 POL 209 27 48.4 29 26 03.2
] ¥ 266 29 543 a7 00 12,0
b
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Late

Obser ver

Booker

Neather Cosditions

. Mo 5: pmm
1 (3
%

2
4
E1
[
il ;
e
9
16
-
£t point
i [ )
2
3
4
s
&
7
8
o
10

GEMERAL  INFORMATION

e

rivary 1980

ECHG

e

ARC WO 1

L

s posot oL

124 B9
138 37
148 40
169 83
178 5%
189 S&
Prranng
«&3 38
B4
124 %9

A E vaomMZTLE M
[
b

ARC N3 2

- e o

Oos po\ “nt L

170 0%
183 %9
193 4y
114 5%
223 97
234 36
267 3%
308 40

TowomMZTREN

170 O

Appendix E. DATA

irmbrument o

3 Code numbers to createshave access Lo thess datas
$3 The putput of all the observations is in degraes,

%O, 1
9.4
30,1
%2.6
46.0
39,1
85G.7
47.5
4.4
50.3

20.7
27.3
B2.6
19.8
12.0
Ob. b
19.2
12.38
0.7
19.8

<ol
minutes,

308
38

149
3=a

42

267
308

c1,

o

o1

42
33
u7

33
40
Sé
ot

86

7.2
.1
13.6
39.1
8.6
22.%
15.8
n.v
0B, 4
37,4

¢ » . . - "'i V¢ RPN WS 4 ‘gﬂl-

"lIO‘ll‘l'tlll".!'l.\l‘ll!llll"l‘lll!'Dll‘!l!ll.il!.‘llll'lll
REDUCT ION OF THEODOU ITE OBSERVATIONE
SEEER RS NN RN RO R R RS RN SR A AR AN R AR BN AN RARISARIVRERRARRINNSE

reconds

LR A R R R L R R R R R R R R A R R R R R i R R R Y]]
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ARC ND, 3

-

L] Bt point s point (w1 R
1 ot ¥ M O ATL2 3% 02 %69
2 B 229 00 BL.Y 49 01 08.0
3 ) P A% 8.7 nE A3 37,2
L] » 2%F Me 4%, 0 79 87 04
-] N 248 S8 38.37 3 56 %4.8
& E RS AL L Y9 49 48.8
k4 a 312 b 43,3 132 37 00,7
L] o InY 4 X84 173 &% B4, 7
9 FOL 177 %7 1% 3 3%7.%7 3%.1
(34 ¥ LB 0T 2.0 33 02 %7.0
ARl NG
. o
So Bt point Otre puint cL R

H [ 3 2 o8 3481 8o U8 B0, 8
@ B T8 02 48,3 ¥4 03 02.8
7 3 o a3 A% 17,3 103 4% 25.8
4 L Jo4 38 39.8§ 126 %8 55.%
s ~ T14 OO 31,1 i34 00 47.2
& 3 33% 01 V8.0 14% 01 A0, 4
? ) %Y 3B le. 7 177 38 30.0
13 o T8 A% 35,9 218 43 46,1
v [ 9 222 9% 99.3 A2 %% 24,6
10 ¥ 60 GA 34.8 80 04 51,8

1

i

1

t

L

-
¥
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CHRSEIBESERENEONIINORIER RN RIRT IR P UNIANEIOASFNREEINORISESIRTANY
REQUCTION OF THEQDOLIT  OBSERVAT IUNS
EISNSSS P RN OSSR N NI U RO E TN NN AN RRA NSRS NN RN ERIVEISRENS

GENERAL  ITNFORMAT 1O

e

Date t 12 Jarmuiery 1980 Ingtrument 1 KERN DEMI #169608
Clrwws ver i 1.B.wW
Bk wr 1.

'

Wwather Conditions

* Codw rushers to Creste/hive acoesws 1O thess datat

C, L2, 86
2 The sutput of all the cheervations is in degrees, sinutes, ssconds

BOSBUSNS SR RE RSN RN RN IR R LIS NRCE RO ERE N NSNS NSNS ERSERNESINNIT RN OISR NOINRIRS

€CHO
non
ARC NO. 1
-
Bt point Dbs point (%8 CR
i €2 [ 119 3% 9.0 299 35 4.7
2 ® 133 3% 198 313 33 38.0
3 a 143 1% 4%« 573 16 08.3
. N 173 31 oS8 353 31 18,9
s € 184 31 %E.O 4 32 18,0
. @ 217 o8 0@ 3 37 09 26.3
7 o 298 .4 OA. 4 78 14 19.9
[} #OL ax 2v 42.4 262 29 7.3
9 ¢ 119 3% 097 299 3% 2%.@
* ARE NO. 2
e ———
No @8t point Obe point [=%
i c2 [ 164 46 DA% 344 46 37.0
2 [ 178 44 34.8 338 44 44.8
3 a 188 27 01.9 8 27 15,9
. N 216 A2 20,0 I8 42 31.7
- € 229 4% 11.2 49 13 I..3
] 262 2 24.0 82 20 37.1
‘ [ 0% 25 184 123 2% 32.3
] POL 127 4u 87.0 307 41 10.0
s 13 164 46 4.8 344 46 38,7
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EIRNAISENINININIRSE
RE

tEEBELEISTORCALS

Date ¢
Ohser ver '
Boaher v
wpather Conditione i

2 Code rnusbers to cre
38 The output of all t

SRR TR NN AIEBTN R RIS RN RN N RN NSRRI RN ORI NA RSSO IRLAARESROENS

Ne B poin’ B
i o3

s

3

4

-]

]

?

]

k1
Ne -8B point Oy
H <y

2

3

.

s

&

7

(]

¥

Appendix F. DATA

SESSEEINARRFATERRENRRRINNNRALINRTONSNLLENSNINL]
TIONS

GUCTION OF THEJDOL I TE DBEBERVA

ERSEESTCETU NN RN EEI RN E U SRR OBBRENRsREsbENtIRSY

GENERAL  INFORMATION

9

1T January LYBO
[ N
.B.w

atw/have arcews to these dater C, (72, 8
M obhessrvations 18 1n Segrees, sinutes, seconds

ECHG

HRC NDL

T

* paint o oE

¥ %A 48 8.8 7A A% 07,0
B 258 47 1.2 B8 47 10.1
A 278 29 3¢ Y8 29 49.5
N 308 48 %1 128 4% 03,8
€ 319 4% CE.6 139 45 %7.6
@ 387 22 87.7 172 23 10,0
1 33 27 53,8 213 28 020t
FOL 217 43 28,8 37 A3 37.2
¥ 4%4 48 %67 TA 4% Ob, 4

ABC N, 2
e .

s paint (6N CH

L4 99 %o 20,3 119 %0 24,9
8 313 46 27.9 133 4B X8y
L3 3T 30 %64 143 31 08}
N 38X 46 1%.0 171 486 0. b
1 4 4 47 08.6 1864 47 13.7
) 17 24 i6.8 217 24 288
o 78 29 11.8 T8 29 19.4
FOL Ih7 44 50,8 a2 4% 00. 4
¥ 299 %0 19,2 119 80 24,1

- e L I A‘1-p"‘ihl.. B

Iretrument KERN DFM3 #169608
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-
No Gt opoint
1 o3
3
a
s
&
7
g
%
N St point
1 o
2
1
4
5
&
7
8
9

G puint

mMITOoOMIT BN

Obs poin

"IToGmMZPaom

Appendix E. DATA

aRrG NO.

3

149
358

o
cT®

2%
¥
Tae

AR YH),

%

53 010
Hro12.9
ny 4.9
M B9
45 By, %

? 27 04,8

31 %6.7
47 3%
-5 SN

4

oL

(93]

1ha 93
178 51
188 313
218 49
289 49
THD 27
308 %2
127 a7
164 53
[ ]

53

w3

Tb

k2%

B2

%

34

G

e

o4, 8
17,7
4%, 7
01,9
53
8.4
3.6
38,5
RL -1

8.8
7.5
1F. b
4.4
29.4
LI
8.9
3.4
.1

Al o A 1qﬂ"ﬁﬂn~
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Date
Dhiser ver
Booxer
Weather

$¥ The sutput

No 6t point
1 D1
s
3
4
]

&
b4
4
9

0o

[ Bt point
1 0
2
3
4
%

. &
4

a

9

10

Appendix E.

Condi tione

K

1 Code numbers to create/hae
wt all

DATA

ARNRNEFSRSARAN SR N R P RN E RN NN RN R RN RN U RSNt ERNs e
EDLICT TN OF
BESUNSEIRES RN NN RN RN R RN S SRR AN EI R BRI NN ER AR NECHINRRN USRS

THECTOL I YE TIBSERVATIONS

BENERAL  {NFURMAT TON

10 Javvary 1980 Inestrument ¢ KERN DFM7 8169408
1.8.W

1.8.9

to these deta:r
1s in degrees,

el
Che oliwdr vat g o

C, b1, 86

minutes, seconds

BREESE N RN E N RN LR AN R RN RN RN R E RN R R R SRR RS UR NS N NSRS ERI RSN NINNN LN

L AN
Aakg MO, N
Don polnt T LR

FLR & M8 10,1 246 38 0.6

11 08 26,0 S 08 X3RN
¥ 114 3% 14, % 2% 3T 4208
] tAE RS 339 B2 R SN
L3 14 o 57,3 38 0% 07,7
H 1%7 %0 19,9 IET 8O 270
[3 THY UX AT 4 42 03 B2.8
w O 04 48,8 10 04 Ya. @
© #/T 24 A68.8 6% 38 %79
FOL B4 W 11,7 266 28 21,5

ARC NGO O
% protnt L R

[ T340 0T 311 A0 e,
v 1%7 04 D3 137 06 286
¥ tet 3% o8N Y41 tH 34,8
N 176 3% 0RO e 2 24,2
[ [RA S TON- M M 4 %% 10 8.
N JOL KT 1.8 22 BR 20L0
¥ ST 0% 39, % 27 00 44w
0 AN 06 41 & 5% 06 A4h. 7
[ 120 M0 4B, 2 308 40 BO.2
POL 131 40 03O X1 40 184,

208
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ARC NG, 3

Na L LR
i o1 FOL 176 43 17.9 3%6 4% 2a.B
Fa B JOR % B8 22 0% 4G, 2
3 ¥ [k 38 34,0 26 33 A% 3
4 L] 221 38 3.8 41 38 A%.0
- P QUM 13 =80 44 14 11.8
& N PR ERT N -4 &7 %% 32,2
? E IRD o8 AAL % TE D8 87,7
a Q 280 09 48,7 1OG 10 006
L4 o 173 4% 5%.% 353 44 04,5
10 O 176 A5 13,4 356 43 28,3
AR NO, L]
A PR T T T LT
NO Ht parer be puint [ER R
1 o POC 131 41 41,9 351 43 83,7
‘é 2 ] 187 GF Wi.4 337 08 Ok, 2
‘ 3 L3 141 37 00. 8 341 37 13.8
+ a 178 36 %9.1% 386 37 12,1
] ®» 179 13 2.8 389 12 37,7
L) w 202 %3 A0 22 %2 8.9
7 € 207 67 11.8 2 07 23,1
8 1] 238 6B 1..6 %% off 9.3
7 o 1369 42 (8.3 3068 42 30.%
10 P 131 41 a41.8 F11 o4 83,7
--
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SRRSO IR R NSNS RN R RSN I AR ER RN NN AR R E VRN ERE RN EISERORENIIED
REQUCTION OF THEDDOLITE OBSERVATIONS
EERCR IS ISR ET SR P A BT RO NIRRT I VRN RN NN BRI ES TR ENERINS

GENERAL  INFURMATION

o

Date ] 11 danuary 1980 Instrument 1 FERN ULMY #169608
Obhser ver ' 1.8 w
Bk wr  1.B.ow

'

weather Conditians

B Coxie nunbers Lo create/bave sccews to these datsy (. D2, #é
B The output of a1l the chemrvations 1e in degrees, minutes, seconds

SONTEEE RN TSR RN PO R RS NN RIS RE R R TR VSRR AB R AR NSRRI RROOINNREERENSS

E0H0

o

ARE NG, 8

-

Lo N B point Os point CL CR
t D2 PoL 3%6 41 30.0 176 41 26.3
- B 22 07 44.9 202 07 38.1
3 £ 26 36 83,9 206 36 4%.4
. A 41 38 51,1 221 36 46.9
s ~ 67 33 3%.0 247 33 30.1
6 € 72 07 03.% 252 06 97.4
7 @ 100 08 8.4
8 oL 3%6 41 3t.0 it AL 26.4
i
ﬁ ARC ND. 2
. wn -
Ne .j; point Ons point [ [« E
/ 1 02 POL 41 43 02.3 221 43 on. 4
2 ® 67 09 14.4 247 09 2%
3 3 71 38 24,8 251 30 34.4
4 a as e 20.3 264 38 30.0
5 S 112 %% 0%, 4 297 5% 13.8
5 € 117 08 32.8 297 08 41.9
' 7 @ 145 09 34.9 329 09 41,3
. pon 41 43 01.8 221 43 08.4
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ARC NG 3

No 8t point Obs point [% CH
i 02 POR 86 3¢ "8.8 Jee 38 ALy g
N B 117 08 a0, 3 29 04 umY
3 ¥ 116 33 %6 296 38 03.%
4 a 131 33 49,5 311 33 %9.8
] N 157 %0 2.0 317 %O 43,0
& E 16 G4 GO 4 42 08 10.8
7 @ 190 0% 01,4 10 0% 13,0
[} PO Bs X8 29.0 266 38 A1.6
AHC ND. 4
e
A Mo Bt point Obs point %8 TR
1 o2 B0 131 A0 01.4 311 40 14.8 E

2 B 1% 06 13,0 337 08 27,3
3 ¥ 161 3% 24,0 41 35 388
4 4 a 176 3% 21,3 Ine 3% 38,2
-7 H N 202 %2 02,3 22 B2 17,6
s E 20T On 32,8 27 0% AR
? Q 238 08 32.% I 06 46,0
[} PR, 131 43 01.8 it AG 1%.0

|
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AASHOAEEINNINNURISONCRERARNNTROCEIRRRINEISARERINIRNIIENREIL
sesen REDUCTION OF THEQDULITE OESERVATIONS

SRENEOIENGISATE NN RN SRR NI RER R RN SRR R N INIRBNIRIRILENNNERISRES

GENERM, INFURMATION
e
Date ¥ 12 January 1980 Instrument ¢ KERN PN #169008
Db wer ver [ 1.6.w
Boober 1 .59
weather Conditions

2 Ccde numbers to create/have access o these datss
in degress,

Y Tre output of all the observations is

BERS AR NN S UN N R RGN RN SR NN SRV E RSN NS NRERERARIEE

ELHD

.

ARC WO

€,_03, 86
Mminutews,

seconds

AEEENRBEBRIENNOLIY

L Gt poant v point oL CR
t o3 POL @6 38 12.8 266 38 22.4
H ] 112 04 27.3 292 04 33,0
3 ¥ 1is 33 37.8 296 33 43.9
4 a 131 33 3e.@ 31133 40.3
s N 157 %0 19.4 337 50 26.2
& € 162 03 47.0 342 03 831
? @ 190 04 80,4 10 04 88,2
L3 S 83 39 34.8 263 39 00.3
9 POL 86 38 10.8 266 36 21.%
ARC ND, 2
[P
No  glit point Ous paint [N =3
' D3 B 1v6 43 1%, 354 43 23.3
H 5 207 09 20.4 27 09 36.3
3 3 206 38 302 26 38 44,8
. a 221 Y8 3%.% A1 38 42,7
s N 247 5% 2114 7 %8 24.2
6 € ™2 08 481 72 08 55,9
7 [ 780 09 49.8 100 09 9.6
L ¢ 173 43 B2.6 353 43 59.4
? POL t76 A3 161 3%6 43 72.6
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E.2 FROM CONTROL POINTS TO FACE POINTS

ARERCRSRBEEIRRRBURRRURRI NN ERIRENUESIRUREUREERUCIiNRRNSEOEEENN
REDULTION OF THEODOLITE QBGIRVAYINNG
TEEAS SRR RIS U N RN IR NI RN NSO I N SR AU RN RN RS S RO LIS NLRE

TGENERAL  INFORMATION

0 2 e

Date ] 1 January 1 9EY Irstrument +  KERN DRM3I 8169608
Obser . 1.B.W

Boc 1 1.B.W

wather Cocditions @

# Coda nuaberd Lo Crestehave scuess to these datas F, P, 88
Y The output of all the cbservations §8 10 degrees, minutes, seconds

FEECECENB R E RN TR RN LSRR SRR R RN NI RS ERNN7 IRV HRNIARERNINRENIIRES

ECHO
v
ARC NO. 8
o ——
81 point Obs puint cL LR
1 [ ~ 187 32 19.% 7 3% 30.3
2 € 217 32 26.4 37 %2 38.6
3 2 269 24 11.9 8% 24 19.3
. D 314 08 59.2 i34 0% 08.2
s u 333 07 17.6 183 07 9.0
P T 334 31 20.7 134 81 29.7
7 c 349 33 %0.6 159 %4 00,4
[} L] O 30 0.9 180 30 20.0
@ ® 42 12 03.8 227 12 20.6
10 v 130 %1 8301 310 51 41,4
1t 14 1AL 0% 11,7 321 0% 23.3
2 . X 149 24 29,4 329 24 37.7
13 - ~ 167 32 21.4 7 32 31.0
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ARC NO, 2
[
Noy 8t point Otre peint (X CR
i » N 232 33 %0.% 52 34 006
2 € 262 %3 55,0 a2 34 06.4
3 a 14 % 39,0 134 2% 40.%
! . o 3% 10 27,9 179 16 I9.3
| 5 u 18 08 46.8 198 08 %6.2
& T 1Y %2 %0.2 199 %2 =a.%
7 c T4 %% 29,3 214 %8 39.8
8 w 4% 31 s 22% 31 46,4
3 b a7 13 39,4 287 13 0.4
to ¥ 178 83 01.9 35 83 1.6
i it x 186 06 43,8 6 06 53,6
i 12 x 194 2% %9.% 14 s 08.3
3 N 232 33 0.2 52 33 9.1
ARC NO. 3
runmamans wn
~ gt porst Doe point cL LR
; - PR e - -
t e N 277 3% 18.% 97 3% 26.9
H € 307 %3 22.7 127 98 33,2
3 ] Ri-L e s P ¥ 179 27 17,3
4 5 44 11 %38 228 12 03,1
% ] &3 1 14,1 243 10 23. 4
& T 64 56 17,8 244 34 27.4
. : [+ 79 36 %A, 289 7 08.5
8 w 90 13 03,0 270 33 i%.0
L B 132 1% 08.9 31219 20,0
10 ¥ 220 84 20,7 40 54 35,4
t ¥ I3 08 10,1 S1 08 10.4
: 12 % 239 27 2801 %% 27 32.9
13 N 277 3% 19,3 97 38 28.0
ARC MO, 4
B
Ho 5t point Ubs peint =0 ]
! .or N 322 3 33.0 142 37 0%
2 - 4 IB2 Vs 87,3 172 57 07.%
1 o 44 78 0.8 224 28 47,3
4 © % 13 29,8 269 13 40.0
s L e 1 52,4 268 12 00.93
& T 109 5% 58,4 a9 38 00.7
7 c 124 %8 130 304 8@ 47,6
A W 135 34 39.9 318 34 M0
? 8 i77 16 41,7 357 16 32,7
) \ 265 %4 (8.4 a8 %6 13,7
e [ 276 00 a%.s 9% 09 %8.3
12 x 288 29 02,8 104 29 12,4
13 N 322 38 %40 162 37 03.93
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PEREL AN OB RS E R AR AT E S RN PR TN NN PN USRS U REORONITEETRNRY N
SREDUCTION DF THEODOR [TE ORSFRUATIONG
SRR RN RO R RSSO RN RPN E RO E RN RO NERN RSN T IRy

GENERAL  [NFORMAT TON

Date v 1 January 1 /80 Instrument ¢ KERN DKMI 8169608
Ovseryvaer ¢ l.E.W
Boo er 1 1.8, W
weatrer Conditions t
8 Code nusbers to Create/have sccess to these datar F, G , Bé&
1t The wutput of alt the cbuervations ia in degrees, minutes, secends
BEE LR NN NSt BRI E RN A RSN EE R C RNV E RS IR ORI RUNBININSRERIES
ELHG
AR N0 1
“ -

Mo 8t point Oows peint oL o3

1 =] ¥ 7% 04 08,1 %% OR 20.9

2 ] 168 10 40,9 348 14 T1.8

h H 17% 13 23,4 I%8 13 36.0

L] 32 P76 3% %0.8 B 36 02,8

k1 &2 168 32 44.% 32 B6.6

& a 227 00 2.0 47 QO 40.6 4
7 L 23% 11 16,8 5% 11 0.1

-3 L 251 23 43.8 71 24 00.9 ! g
9 L 26% 8% C1.4 8% 5% 14,3 B
14 E W7 19 03,4 107 18 17,0 3
i1 R2 303 30 32.4 123 30 49.3 .
12 L3 421 30,1 180 21 49.6
i3 PO 1% 4% 34,5 1Y% 4% 48,3 »
14 . PR 2117 w77 201 18 §7.3
s > ¥ 75 G4 0", A 285 D4 20.3

s
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ARC 0. 2

Gemmmm

No 5t paint Obs porat 4% [
3 @ F 120 OB 80,1 I00 4% 519
2 H 213 1 097 33 16 20.%
b H IO 1R 54, 4G 1% U%.7
4 J2 223 I7 19,3 43 37 36.9
% 52 XY 34 1.9 %3 14 29,1t
& 0O 272 04 %8.% B2 GE 10,4
7 L T8O 12 &6 100 13 00,4
El " 296 % 8.7 114 2% 1i.8
@ N 310 %6 31.9 130 B4 43,7
10 E 33219 A8 1M2 19 45,2
11 R 348 32 04,3 148 32 16.%
12 A 4% 22 87,7 22% 23 10.9
13 O &0 A7 %L 240 47 18,4
14 PO bé 19 &1 246 19 36,3
s ¥ 120 0% 38.9 300 0% %10
ARC NO. 3
PR ———
Ny St point Obis ponet oL
14 g F 104 42 48,2 344 43 00,7
2 H %7 83 19.2 77 %3 32,7
3 H 264 537 0%.1 B4 52 19.4
. 33 268 14 31,1 686 14 40.2
k-3 82 278 11 2%.4 8 11 36.2
s o 316 3% pE.3 136 39 18.0
7 & 324 49 38,6 144 0 09,4
L] sl 341 02 8.7 161 02 40.3
9 N 358 33 40,38 17% 33 50,0
10 E 16 %6 4.4 196 %6 u4.0
1" R2 3309 15,6 213 09 26.7
12 L] R0 00 11.9 270 00 14.3
13 [ 108 74 12,7 788 24 30.9
ie POt 110 36 38.3 290 Bs 49,1
1% “ 164 42 A9. 8 344 43 01.93
ARC NG, 4
Noy st point Obe poie (=8
1 o ¥ 09 44 21. 46 W9 44 X1, 4
2 #t 02 34 835,10 122 9% 02.7
3 1 309 %3 8.3 129 33 48,3
. J2 313 14 03,1 133 18 2.7
3 a2 I 12 Ss.0 143 13 09.0
L o 1 40 431.3 181 40 49.5
7 i 9 %1 29.0 189 31 39.2
a e 26 04 01.98 206 04 12.8
9 N 40 3% 18,0 20 38 24.3
10 £ 61 %6 16.9 243 88 27.4
12 R2 78 10 B2.3 2.8 11 00.9
12 L) 133 01 42.6 31% 01 8T
13 [a0] 130 23 49,3 330 2% 57.8
14 POL ins 58 10.8 33% 58 20.95
i3 F 209 44 21.2 29 44 32.1
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I I IInIImMmMOor RN R R N R
REDUCTION OF THEDDDUITE ORSERVATIONS
I e N R RN R RN ]

GEMEFGY, TNEURRATION

Date t1 Jaruary 1980 Inetroment 1 FERN Db M7 #169608
Tbser ver LR S O
Book er t 1.6, W

Y

wWoattur Conditsnnsg

¥ Code mberw Yo crestechave aroens 1o thess detar FL, P, 86
B8 The autput of sl the obeer vationw LS 10 degrees, minutes, seconds

B T e RN R BN S RN P NN PR TN SRR N RSN S RN AN NN NS SN T RN R IR NS

A0

AR ML 1

(=3 G opoant [ow point oL R

1 ¥ POL TAD AT A4, 4 162 47 82.6
4 4z IXE AL 2% W1 43 31,2
3 i AT Ge 1V T 86 2.4
4 N Q242 27 37.8 H2 27 42N
= o JA2 37 A4l &7 32 B1.4
& ] J8% 1h 241 &Y 16 A0 4
7 L Zhs IW OIP. &6 35 4.8
B8 L 8T 34 8.4 T3 34 45,3
9 G 5% 04 12,0 75 08 17.%
10 L] 5% 33 3203 79 33 37.4
11 B2 el B TR - N 4 T WL AT
12 & 68 %9 19.1% 68 %Y 7.7
13 € 7L 01 0.7 91 0t 11,1
14 1 D8O 47 2803 100 47 4.1
% o 95 33 M. 6 115 33 42,3
it B 99 1T 0%.4 11% 3% 18,3
17 [ 304 B9 B9.0 125 00 03,9
18 #0 337 859 187 8 02.0
184 PR, IAZ &7 A6 2 1462 47 3.8

ARE ONO. 2

- e

Mo B point fhem point (=% LR

i ¥ FiH. L7 A% AG.9 I07 49 47,2
R J7 Y76 4% 1.6 96 AT 4.0
3 H JHT WA 15,7 102 58 146, 4
4 82 287 29 32.1 107 29 368.8
5 i JHY X4 38,2 167 34 45,3
& H R0 18 30,6 110 18 35.4
? L d91 37 3858 1t 37 3409
a L TR 36 36. 4 118 T4 41.3
9 G 300 06 06.9 120 o 11.4
10 N 304 33 28.7 124 % 3%.7
i1 H2 304 33 32.6 124 3 36,1
12 A 314 Ot 1%. 6 134 «1 22,1
11X E 316 02 87.% 136 23 05.9
is Q 325 49 17.9 145 4% 26,6
% 143 341 35 3:.4 181 35 X6.0
1o B 344 37 0X.7 164 37 09.9
17 [ 350 01 30.4 170 01 ©+.8
1 PO 2% 39 S51.% 202 39 549
v POL 27 A ws. . 207 49 47.0
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ARC MO, 3

mame e ——

NO BL point Dhs point (%8 (%

1 ¥ POL 70 B0 %6.% TH2 81 0.0

2 J2 121 A6 T4s 141 46 9.4

3 1 327 5% P10 147 59 28,6

. 82 TIZ 30 44,4 182 30 "0.6

® 0 332 4% S0.6 1892 3& 00,1 .
& H 335 19 43,5 153 19 47,2 -
7 L 336 38 4%.7 156 38 0.3

3 " 243 37 48.2 163 37 1.8

9 & 34% 07 20,1 165 07 24.4

10 N 149 36 39,3 169 36 4%, 4

1 "2 345 B4 47,0 169 34 50,1

2 A IR 02 26.9 179 02 33.8

13 4 104 10,7 181 04 16.4

14 Q 10 50 32,6 190 50 40.3

13 3 Z6 36 AL G 206 36 49.0

18 B 29 X8 18.3 209 38 ?%.9 ;
17 4 3% 03 03.9 21% 03 10.8
18 PO 67 41 06,9 247 41 09.8

19 POL 72 BO 56,0 232 31 00,2

ARC WO, #
-

Ny 5t point Obs poin (% CR

1 ¥ POL 117 82 5.2 297 82 0.0

2 J2 & 48 03.3 184 48 4.8

3 H 13 00 54,8 193 00 6.7

. 82 17 32 13,3 197 32 18.4

H 0 17 37 17,0 197 37 26.7

3 “ 20 71 14,3 200 21 1%.0

7 L 21 A0 15,7 201 40 19.5

[ L] 8 39 16.2 208 39 23.0

9 ] 30 0B 49.0 210 0B B4.0

10 N 34 38 0B.89 214 38 13.7

1 LE 34 %6 16,4 214 %6 20,2

12 a 44 03 =80 224 04 03,9 J
13 € 45 0% 40.4 226 0% 4e.4 |
14 -] =% 52 05,3 3% %2 0.3

-] o 71 %8 14.9 231 38 18,8

16 3 76 39 47,1 784 39 %44

17 -- [ a8y 04 38,7 260 04 37.7 .
18 PO 112 42 3%.0 297 A2 38.4

iy POL 117 %2 5.3 297 32 30.9 [
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e s 30, o

R R R R R R s s R I R A g at]
FEDUCTION OF THEODUUTTE DESERVATIONS
SN T R I IR P AL RN ER PRI N TN AR SRR RSN NIRRT NN TR SIS

BEMERAL  INF ORMAT TON

Gate H T dsnuary 19HO Inetrument & WERN DEM3I #169608
Goser ver £ 1.8 W

Bood er 1 LB, W

Weather Uooaditions i

¥ Code cumbers to ceRatw have access to these datar £, N, 86
$32 The cutput of all the cbservations 16 1n degreews, minutes, seconds

BE R RN I SN N N TR RN NN R R R VSR O R RS PR SRR RN LIRS AR RO P SR UNERENRSER

ECHO
aRC NO. 1
e 5t point Ots poant L CR
t N POL 39 48 07,4 2:9 48 24.6
2 A 57 36 56,4 247 37 1903
3 w2 79 61 36,4 %% 01 %NS
. ¥ 7% 33 27.8 259 13 48.3
s [} 8% 83 02.4 26% 8% 21.1
i s H 99 14 85,4 279 18 09.5
? 82 108 63 80,7 268 o4 Of. 1
8 1 110 %5 67,9 290 55 2%.6
9 " 161 26 24.5 41 26 4%.6
10 L 166 G5 30.% 346 0B 48.4
I 1t o 167 19 %5.0 347 20 06,3
12 € 3E% 59 04L& 14T %9 19.7
. 13 I3 19 4% 54,7 198 %0 12,8 R
14 ] 3% 33 530 21% 34 08.0 \
L] 15 - POL 39 48 08.0 219 48 29.2 :
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T m——

e

T m, .

N 8t point Tbs point

N

2

51

ARC NOL 2

e o

oR

e
11
124
14
1

59
48
i3
4%
O

R N RN TP

[

[T

FMOrI~EIGT DD T

T
oo
2

Gus point

?

[\

[

TEERMGC X ~w I MDD

QO

144 D4
15% 1%
156 6
IOs 37
it 7
212 31
1110
54 01
HO 4
L1

AR WO. 3

[

130 01
157 %0
189 14
149 46
176 08
199 28
199 16
01 08
PTan 14
2%e 18
37 32
=6 12
109 0%
1% 47
L3I0 Ol

Mo @ point

Obs point

L

b
g
2

¥
TIGMEY

[

fe
TRBMOC T

;G

ARC MO

4

43.8
34,9
13,3
[e: Np g
se.@
31.s
2%.8
41.8
7.8
OO 6
7.1
42,3
.8
9.6
LA

2.2
08, 4
44,7
37.0
10,1
a2, 7
54,6
12.9
36,3
4.8
59,4
10.0
OALy
0.6
14,0

PR TR

362

154
170
17%

ag

16
a8
a9
29
i8
o9
41

@0
34
13
[\
48
o2

46,7
37.8
1%.%
9. b
41,4
35,1
9.8
5. 6
08.9
10.8
30.3
4%.1
34,7
9.2
47.7

310
337
349
349
354

18
43
t
TH
Eas

236

30%
310

3O
hlek-]

bk
ag
i3
4%
a6
26
i35
Oy
i7
3

1
(31

4%
59

CR

o

14
48

i7
08
hid
18
33
iz
o3
47
o

R

03
51
1a
48
o

18
10
41
20
34
13
04
48
o3
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S84
45,0
w80
2.8
%37
4%, 7
42,2
B, 0
8.6
1.4
9.2
53,4
46.4
42.4
=L

27.1

0.0
48.8
2r.7
-1
51.%
49,5
44.3
Do,
27.2
20,0
45.3

49.9
5.8
o0, 3
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AR NO. 2

No St point Obs poynt oL R
t [T POL g4 %9 438 264 59 59,4
2 ) 112 48 34.3 292 48 49.0
3 "2 174 13 13,3 304 13 48,0
a ¥ 174 A% 08,7 304 4% 2.8
s [ 1T 0a 38.8 I 06 B3V
s " 144 26 31,3 374 26 45,7
7 82 133 1% 2%.8 I3 48 42,2
a t 1% Ne 41.8 16 D6 Te.O
9 " 206 37 %7.8 26 18 19,8
10 v S11 17 oo.e 3117 214
1t o 212 31 2.t 32 31 39,2
1z € 1110 42,3 191 10 53,4
13 B 54 01 37.8 248 01 46.4
14 ] B0 4% 29.6 260 8% 82.4
15 FOL 94 %9 A1 264 59 6.4
. aRC NO. 3
e [T
No St point Db point oL CR
' N POL 130 01 12,2 310 01 27.1
. 2 a 157 50 D4, & 337 %0 16.8
3 2 169 14 44,7 349 14 %6.7
W : . ¥ 169 46 3I7.0 349 46 81,2
: s [ 176 08 10,1 356 08 22.3
s " 189 28 02,7 @28 18.2
7 EX 198 16 S48 18 17 08,7
] 1 201 08 12,9 21 08 9.8
9 " 751 39 34,3 71 3% 30,9
10 « o156 18 34.8 76 18 47,9
’ 1 o 257 32 9.4 77 T3 12,2
¥4 € s 12 10.0 236 12 22,3
13 B 109 D3 048 89 ¢ 13,0
4 Pn 129 47 00.4 30% 47 11.9
13 #OL 130 01 14,0 310 01 27.8
ARC ND. 4
PR,
Mo 5t point OB point =W
. 1 N POL 175 0Z 46.7 385 03 00.0
2 a 207 55 37.8 20 %1 48,9
3 . R Ti4 16 13,9 4 16 7.7 L
s & 3 214 48 09,6 34 ag 5.8 ;
" [ 221 09 A1l 41 09 1.9
s % 234 29 38,1 4 29 49,8
7 u2 253 18 29.8 a3 18 44.3
[} i 2486 09 A%. 6 b6 10 008
b [ 296 41 00,9 i1s 41 27.2
10 " 301 20 10,8 121 20 24.0
11 o 302 34 30.3 122 34 46.3
12 [4 10t 13 431 281 13 38.)
13 B 154 04 34.7 334 04 49,8
14 PO 170 48 29.7 350 48 4%.8
h ] o0L 173 02 47.7 355 03 00,3
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ERRANREEEE NSRS S U RN AR ORI SO RER NSO N AREROIsATRSVESUR
REDUCTION OF THEDDULITE ORSERVATIONS
PR RS R RNV R SRR N R N R RS ARSI BRI RS ENS RIS TSNS

GENERAL  INFURMAT ION

Date S January 1980 Irgtrumpnt ¢ KERN Drmd wlo%608
O wer ver ¢ 1.B.W
Boot er oi.B.w
wWeatrer Congitions
¥ Tode nushers Lo creste/ha w aitent to these datar F, 0 , 86
8 ihe output of «ll the observations 1s 10 degrees, minuten, secunds

.

%
L T e e R R N T R R e R P SR R E] V]
# ECHO
o
HsRL NG, H
o ma e s

. No Bt point Ot point oL R
1 0 La* s -5 S R } 09 51 3.8
z ] Ik 4% 33,3 216 % 074
3 "2 38 b 42,4 218 26 57.9
4 5] A7 00 1.8 2LT 00 Ab.T
] H BE 44 06,4 238 44 20.3
& F B2 37 Ab. 4 242 33 00.3
k4 82 &2 42 10.8 247 42 I1.4
a H 7O 19 00,8 250 19 11.4
¥ 13 337 N0 A4S 197 30 37,46
1LY N 247 19 B3 167 20 o7t

* 1 " I%G 24 3% 170 24 47,8

. 12 L 3%1 04 0%, % 171 O& 27.%
13 [4¢] 26 b Bh. b 206 07 11.5
14 [ 2% %1 17,2 09 51 3.4

-
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Ner Bt point s po.ny o CR
: o oL 7a %2 41 A BT 0%, E
2z a a1 351 2.6 J61 81 381
3 w2 831 8 37,9 263 26 27.9
4 a 92 02 0%V 272 G2 1407
s 103 4% A2t 283 4% %07
& ¥ 107 34 22.9% 287 34 9.0
b4 82 107 43 4.0 vE7 43 Si.t
[} t 11% 20 3t.6 29% 20 41.8
@ E 2T 82 2.8 02 U2 27.4

1o ~ 12 9y ten 212 2y 35.7

1 " 3% 26 11.4 21% 26 20.8

12 L 36 0% 4.9 216 0% B3

13 2] TLooB 3.0 %L 0B 82,6

14 PO 432 M7 %4 53 0%.0

ARG MO, 3
“ P -
[ Bt point Otw point [+ R
i o POR 11% %4 0.8 N9 s4 27,7
¢ F3 A 126 %2 n4. 7 I06 B3 0241
3 wy 138 29 44.Y 8 29 BU.O
] G 137 03 4.3 317 03 39.4
k3 fad 148 47 GR.2 138 47 4.7
& £ 152 3% %2.3 332 1% B6.7
r 82 152 4% 1%, 7 332 4% 16,0
L} [ 180 21 %94 340 22 06.0
9 £ &7 83 %0.0 247 B3 S52.1

[84 L Ty 2T %% WY 23 053

1 " BO 27 M. 8 260 27 A%.9

iz % a1 o7 o%. 6 261 07 16.8

13 0 11k 10 G1.0 296 10 08,1

14 PO 119 %4 207 299 84 29.%

ARE 1Y 4
wnm s

e Bt point e point ' CR

1 i Ptk ¥ 344 35 26.3

* 2 A & 191 95 0s. 2
3 g 7 - 3 S WA U 3

4 e 6 @y s z 0% 38,7

5 W 193 49 L 13 A9 14,4

& ¥ 197 %7 WALy 17 37 56.9

? 52 197 aF 17,2 17 47 18,7

] ! F03 28 0%.2 s 24 0.8

L E 112 5% “s. ) RFEA- P51

10 N 122 24 %8.9% I0% #H L0

" 1 " 1% 29 41,9 308 79 440

12 8 126 09 16,4 306 09 17.8
13 P 161 12 01.% 41 12 N4
14 POL 144 %6 24.0 344 %6 28.3
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™

GEAEESBEEER RIS RN NAB RN NVENEER NN DRI RN PV RSNk R R RR RN
BEDUCT HOM OF THEODR TTE DBSERVAT TONS
R R R Y N R e R e e R A A R a ]

G NEFAL INE R MAY TTN

Dute OB Januar oy 19O Inatr snent 1 K FRE DEAY $1aV608
Obner cer S )

Boos e [

Weathes Cooditions |

N Code numbers Lo create bBave eicwss Yo toess deter €, D, Ba
0 THE outoul of il trae otrspr &l IonE I8 10 ey e¥s, A nuteR, BELONUS

L R R R T R R R I s i Ei])

E R

AR NG, i

Sex Bt point e puint Ts o®
i (3% PR HEt JE KT @ 248 30 47,3
r B A 3H A7, 4 Ea-L B B ]
3 w EA WS S 4 PR 2m BT 0
) B §9 24 11,0 W 18 21.9
] ¥ 100 PO O8Lh TG 0 16,9
& F J0G 7 2.8 s EE - N ]
7 % 10% G1 16,8 8% o1 28,9
L] » 106 A% 0d. % 286 8% 2304
# £ 108 24 B, TEA 2N 0NN
10 € PRLO28 2103 I RN N P
11 L 10 04 A% G 1R 08 Th. A
12 5 41 S0 o7 P %1 20,4
13 o 42 20 B2 TR 38 0% 8
14 1 HO O WD, X JAG 08 OY. 4
1% - (44 &% 39 1.0 SAT X% 21,
16 L4 SF 5B L0 47 e 0%. 8
17 AL H8 I9 WD I3 30 07, 4
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.

v

k.

-

s 5t point
f ot

¥

a

B

s

7

9

¥

o

%

13

13

14

i

14

1 F

Appendix E. DATA

e point

OmB TN TR Y

vl

FIH.

ARG NG,

2

[P —

113
119

P

o
PE TR I LU
LHE R0 PV.9
RINE - BN §
b3 K s -0 )
w2 Ar, G
LR TP )
TR oud 8.7
IR0 A& %y 2
IR TH I
%G B0 0N F
AW 6 JH. 4
Zhb B2 B3.Y
Se7 3% 80,0
SHn 08 3P4
T A0 SN D
SEEOD0 8.9
IHY 31 A0, 4

&y oo “Ih—
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BRSNS RIS N OO RS R RRA TN IO RN TR PSP R AR RN AL SRR NI SRR SRS ENNTIRSE
RECUCTION OF THEODOLITE OESERVAY IONS
IVSERE NI LR NN FFS RS USRI RN I R RSN N A S NN ORI RO NES

GENCEA. INFOURMAT TOM

L 5

Date i B Jaruary 1980 Inktrument 3 FERN DFM3 83165608
Doter ver 1 .8,
B e 1oLBw
Meathor Condition, o
$ Cooe numbers to create/have access to these deta: F, 02, 8&
% The sutput of all the pbservations 1% 10 degrees, minutes, SEConds
BERER RIS R R R BN AN R RGN RN RS NN AN SN RSN RS E R RN R R RN RN RS SN UNN RS
FOri
aRT o WO. 8
' Na B posnt . (%
t ' w2 = 158 3% 00,8 338 33 14,9 :
g by B 164 41 44.% 44 42 00,8
H w 169 7% 51.5 349 20 0%. %
+ P 179 27 Ao 1me ¥v 27.9
, 5 v 190 73 0%.% 10 2% 28,7
; 5 ¢ 190 WO ve.8 10 %0 39.7
H * 195 04 20.3 1% 04 337
5 K 196 48 13.3 14 48 27.8
@ A 1ve 27 55,8 16 28 10.4
I 3 771 31 28.7 41 31 38.9
1l % &7 39 0.1 4% 39 36.0
12 a4 7159 48,0 [T 00 098
13 50 73 19 U508 253 19 38,4
14 127 TH XD 387 TN N2 AS. 4
15 118 75 48 5.4 DY A% 09,4
16 130 rF a0 1007 T 10 2.8
N T % o7 18,1 m8 0F 30.0
ie 16 817 18,5 %8 17 3.4
19 %11 78 58 0B.® %8 ma 234
20 147 a1 13 %63 281 12 10.8
21 132 81 71 06.3 261 21 16.4
22 ) 148 B 01 49,1 263 02 02.2
23 - - IR23 82 13 1358 262 13 Ze.7 :
28 14y B3 %7 S1.4 263 %8 04.8 !
2 133 By 12 4001 26% 12 56.7 |
26 ton % 70 Y0.0 6% 2u AN.@
27 131 B 32 W2 TET ID SMb
28 16% L2 P -] 2ry 12 29.8
9 137 91 X0 020X 271 30 17.%
30 11 wa u) 4% 274 %57 55,7
1 175 LT 275 %5 1.4
12 15 98 24 18.% Zre 28 32.8
33 T 98 3% 11w 278 39 3.7
34 [ 100 0 51.8 2806 08 053
35 1Y 131 %54 t6.6 311 54 8.4
36 ¢ 132 37 00,9 312 37 130
37 ¥ 1%0 07 BH.4 330 0B 12.9
4 38 kO % A2 17,7 335 42 30.6
d 39 v 157 21 89,1 337 22 11.4
20 ro, 198 33 01.9 338 33 14,4
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i
Moy Gt opoint Obe point

1 G2 FOL

< ]

T W

4 3

- ¥

& -

k4 x

& 13

E E
s €
11 %

N w4
13 BEA
18 had
133 118
1e 130
7 W
18 il
1% 131
Fadl 147
a1 1R
a2 148
z3 L3R
24 19
2% 133
26 168
7 151
28 19
9 %2
30 114
31 149
2 12
33 Tt
pl} D
3% u
36 o
ho4 v
e PO
3% v
A POL

Appendix E. DATA

ARC

2

oY

3a

14,2

k-2
ar. 7
7.5
0.4

HE: S
ag. ¢
5503
18, &
IAL 0
A0 %
40.9
32.9
27,1
O
12.9
38. 1
16.4
b, 4
n6. %
0.6
8.6
30,01
10.8
%8
3.2
32.%
18,1
J8.4
230
2.7
3.4
221
26.%

44

4

34

1t
(o]
13
59
13
22
03

g
14

aa

13
n
%9

Pl
40
oy
55

0%
43
23
34

4G, 7
PN
a2,

u3. 9
S0, 0
o8, 0
V6.2
52.%
364
07,0
(L3 I §
0.8
LT
16.9
38.0
52,0
BB
n3. 3
48,1
37.3
42,7
28.4

0.0
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BECERAEE N ANNN RIS E TN A NE ARSI NIRRT ORI RIS IIONANIISS
REQUCTION OF THECDOLIYE DRSERVATIONS
ARSI T IO RN NSRRI N SNSRI SRR R RN AN R NI NENSONE

GENERAL INFORMAT ION

Date ¢ B Jaruary 1980 Iratroment 1 KERN DKM3 #169408
Obser v er PR N

Book Br N

Weather (ongitions

? Cooce numbers to creste have access 10 these datar F, EI, 86
8 The cutput of all the observations 1S 10 degrees, Ainutes, seconds

FERN RN R A RN SIS PR RN E S AN T ICR IV NN RSN RUR N TSNS RN ESRBRRERRRNS

ECHG
AR NO. 1
- Ne St point nhe point cL CR
1 E: POL Tl 4% 24.8 231 4% 31.7
2 v 67 48 9.8 247 48 42,0
3 X T 04 470 22 04 AB. 2
4 ¥ 1 06 %7.8 261 07 o3.8
* [ 91 11 Ol.s 271 11 04.1
& a 93 16 09.7 273 18 13,8
7 Rr2 0% 1% 39.% 285 13 46.0
] a 107 28 01,1 287 28 06.8
9 N 146 08 %8.7 326 09 03.2
10 a 138 00 39,1 338 00 44.0 ;
1t ] 311 38 20.4 131 38 25.4
12 3 342 13 42,3 162 13 48.8
* 13 U 2 40 38,5 182 40 40.8
14 . © 10 06 40.1 190 06 46.0 ¢
1% e T 1157 ot.1 191 %7 09.9 :
16 v 19 0% 12,4 199 0% 19.9
17 w 30 31 %8.% 210 32 04.0
18 3 38 02 6.7 218 02 28.8
19 [ 39 %0 00.5 ?1° %0 0%.3
20 £0 47 43 38.% TRT A3 43.9
2: FOL 1 A% 2m.4 231 4% 32.4

F Appendix E. DATA 227
E 2 Fe - e - %!li; Ant l'Jimd&!!f;‘!illlA ‘-._L.].ﬁ‘_J&_.as_la-_:!gf!’ihu.__j;;



[P ——

ARC NOL 2
Na Cba point [ CR
1 €1 PO, 96 44 N4, 1 274 47 00,0
2 ¥ Y12 50 08, 7 NI OBO 13,0
3 x 17 D8 OB & 297 06 1% 6
4 3 126 08 27.4 Tos 08 12,7
kS ¥ 16 12 2701 e 12 33,9
5 A 138 17 363 119 17 43.%
? R2 150 15 08. 4 330 1% 13,2
8 ] 152 29 27,7 312 2% 34,3
9 N 194 10 zB.@ 110 33.e
o [e] W03 02 9.2 2% 02 12,0
I 9 3% 39 A4%.4 174 39 33.%
12 o 27 13 10,6 207 1% 18,1
13 u 47 a2 o1.8 227 42 10.0
- 14 [ G5 08 091 235 08 14,8
- 13 T uh %8 30,4 236 %8 9.0
16 v &3 086 4%, 3 248 06 UGN
5 . 17 " TIOR3y 27.% m% 23 2.8 P
: 18 = #3 0X 53.% 263 04 01.8 !
19 B 84 %1 29,7 64 L1 32,4 [
20 L] 92 4% 10,3 272 4% 14.5 p
21 POL P4 44 %4, T 2746 36 59.%
--
Appendix E. DATA 228

‘ . por gl‘-ﬂ_nf‘- ' e R N *"‘



R R R A R R R R a R
REDUCTION UF THEODOL ITE DESERVATIONS
FOESEE RS RS IRT LTI BANRBRITRRAT NN SR ARETRAIRSRIRIIROINAIIIRICIOSDR *

GENERAL INFORMATION

Date t 9 Janvary (Y80 Irnstroment ¢ FERN DEMY #149608
Ouser ver [N - N
Bouk er [N 4

'

Weather Conditions

8 Cuode numbers to creste/have access to these datar ¥, E2, 88
8 The output of all the oheervations Is in degrees, AI0ules, ssconds

L A e R R R R R Ny e Y Y]

ECH

ARC ND. 1 .

Ne Bt pornt Tos point (4% CR i
‘ %
1 €2 FOL 181 83 32,0 32153 39.4 ]
2 F 181 19 02,1 119 09.6
3 & 183 24 15,4 I 24 20.8
. R2 19% 21 42.9 1% 21 49.8
s [ 197 36 08,1 17 36 11.9
o N IV 17 088 37 11,8
. ? 0 248 08 44.8 68 08 33,2
- 8 [} 41 4 24,3 221 46 33.4
9 91 48 22 0A.8 226 22 14.5
10 94 46 42 0. 4 726 42 37,6
1t 93 48 20 12.2 228 20 19.9
12 89 49 37 4%, 7 229 37 33,6
13 s 49 39 17.9 229 39 26.6
i4 248 50 18 02.3 230 18 09.8
15 101 S1 08 10,0 231 08 17.2
16 118 1 14 32,3 231 4 39.1
17 90 %1 43 92.8 231 44 00,7
18 Iza %2 10 22.2 232 10 29,7
19 117 53 0% 34.9 233 03 44,3
20 137 53 32 87,9 233 33 06.0
21 126 53 57 05,8 233 37 12.0
. 22 Lie G4 15 24.4 234 15 29.3%
23 127 54 20 om.8 234 20 12.7
24 . 138 4 19 31,4 234 39 40.3
F&) - 130 54 N4 NB. 4 234 %7 0A.3
L i47 TS OG0 15,0 25% 60 20.%
27 11a 55 30 11.8 235 30 17.2
28 (533 55 Y6 39.4 235 36 43.1
29 148 5% 319 06.% 218 19 13,3
30 1 5% 40 07, 23% 60 04,6
3 112 Se 29 39,1 36 20 a%.3
32 149 6 52 3%.6 I36 B2 41,1
33 134 %7 07 23.7 237 07 30.8
34 1w 57 19 20.% 237 19 27.3
3% 133 %8 14 O%.8 238 14 12,
3u 15 %9 17 44,7 23 12 50,3
37 1% &0 08 %31 240 07 03,3
38 D 72 21 48,1 252 21 6.1
39 [ 10D 18 47,7 260 14 38,5
40 ] 129 %8 08,3 30% 58 13.8
41 #Q 137 %1 47,7 317 55 4.y
42 POL 141 93 31.9 321 53 39.5
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.

No St point flbs point
1 (34 P
2 3
3 a
3 ¥
& G
IS N
* o
@ [

& w1
10 94
1 9%
1 a9
i 118
14 Fan
1% 104
te 1ie
17 9
16 @5
19 ny
oo 137
21 126
g 116
o 127
o i34
Fed 130
28 187
27 1A
o 115
e s 1489
0 (R
3 132
12 149
33 138
14 119
ha-3 133
38 A2
37 182
ht] o
39 [4
L] B
L3 20
L+ PO

Appendix E. DATA

ARE NG, 2
(g% LR
44.% & L4
JS P 4% 20
20,9 AL U
ur s &G 2
BEN &T X7
18,8 oy e
&l LR €4
He 47 17,7 Thé A7
91 3T LY. P8
#1044 0t.4 L1 A4
G% 21 .0 273 21
W& 5% 01,7 274 39
G4 A0 XY, G 274 40
GE 1Y 19,6 275 19
B6 09 4,1 27h 0¥
Bh 1% 49,8 276 1%
G4 G OT, 8 e &%
X7 11 350 277 11
98 04 1.7 278 04
9y 54 18,3 ive 54
98 T8 19.8 278 58
w9 16 3B 3 279 16
99 I1 19.4 X792
R A0 44,9 279 40
I n@ 188 279 %8
100 01 2%.7 280 0
100 It 7.8 WO 3
100 37 83,7 80 e
100G 40 20,0 PHC A
130 41 16.9 T80 4y
101 30 %5.8 81 31
101 %3 %0.0 281 %4
102 08 38,2 282 08
102 20 37,8 /2 20
103 15 21.9% 283 15
104 13 37,2 2684 14
0% 68 08.% W3 08
£17 23 01,9 297 23
18% 14 G1.9 324 te
174 99 70,3 356 39
182 50 8.8 gl h
166 %9 44,3 & 54

335

a7y

230



PN RN NN ISP ESE st RN R NPT TN E R RTINS REILBEIOTLY
REDUCTION OF 7THE0DOLLTE OGREERVAT JONS
F N TR RN R RPN IR RN RPN BN RN RN IR R FIROIRSBANEL

GENEHAL INFORMATION

Date 1 H January [YBO Trstrument 1 FERN DEM3 8169608
Ohger var o LLBLW

Booh er 1 T.B.w

weather Canditions o

¥ Code numbers to create/have eccess to these datas F, A1, 86

2 The cutput of all the observaticns 1% in degrees, minutes, seconds

BEBIC AN ESF IR R TN N AR T RN SRR AR TS AT SR U RN NN AR TSRS NN RSN CEENENENY
EL0
"
: NOL
. No Bt point Obs paint cL CR o
R
. 1 a1 POl FTRE TR PO T04 52 08.0
. H F 88 %9 13.3 268 59 341
3 [} 160 7119, 0 21 443
. Rz 210 29 ss.9 30 30 1%.0
s o D1k 4% 464 6 %O 07.4
& 87 FERAEAT I T I7 27 07,4
7 %8 TR0 40 19,6 40 40 37,5
- [ 103 o1 75 09.9 41 2% 268.6
v L 228 3@ 331 42 38 55.4
io 108 223 31 %6.3 43 72 1%.0
1t 110 22% 43 14.8 4% 43 34,1
12 o 227 W %29 47 51 54,2
13 108 228 21 %9.4 48 22 19.8
14 111 229 48 22,9 4% 25 4%.6 :
It 102 30 37 38.a 50 37 59.4
16 107 732 17 0%.@ 52 17 6.4
17 1 233 07 32,0 53 97 82,1 o
18 12 3% 40 S1.8 53 41 14,1
19 " 234 a8 3@.7 4 46 59,7
20 108 2% 11 %5.8 6 12 12.3
21 2 237 16 20.0 57 16 40.9 1
22 8 770 43 39.% %8 43 59.%
* 23 13 240 23 06.7 B8O 23 291
L) . 1%7 240 4% B7.4 S0 44 18.0
2% e 3 240 46 %27 & 47 09,1 ,
26 4 242 42 20.4 &2 42 41.6 K
27 14 284 0 20,2 64 06 40,1
28 156 244 40 57.4 b4 41 16,0
29 . 246 11 S6.% 66 12 18.0
30 N 247 36 5%, 4 &7 37 13,7
31 10 247 38 48,5 67 39 07.3
32 S %0 02 4.1 70 02 43.3
33 It 253 18 51,0 70 19 09.8
34 155 250 4% 1.8 70 45 30.6
33 3 273 06 06.9 93 06 29.8
36 Q 788 24 B0.F 108 2% 08,8
37 D 31133 29.9 131 33 49,0
10 [ 128 40 30.2 148 40 30,4
39 [ 235 29 34.6 155 30 00.0
40 PO 19 23 10.4 1968 2% 37.0
a1 roL 24 51 48,4 204 52 07.3
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ARE NO. 2

e

Ky St pnint Db paint oL CR
1 al FOR &Y B4 20,4 S49 B A0, 0
2 F 174 01 48,9 TIA 02 ©1.9
b 3 0% 24 00 4% 24 1%.8
4 N ouE R 30,4 7o T2 47,1
S [} ; ar %2 17.8
b @ TeT dw 218 P9 AGLO
7 Ei:] Lh% 42 49,7 g% A% 7.1
& 1o TR T Be 28 01,7
“ L 67 4y 6.3 #7 41 30,7
1 1B el T4 TH.7 g 24 43,3
LR} i TG A% 88,8 RO 4G 04,0
N i 1o 2L %A 07,0 B G4 24.%
3 1os 27% 24 4.3 93 28 2.8
14 it {78 4B %98 w4 49 17,3
« [ 102 27% 40 1%.6 9% 40 31,6
ih o7 277 19 38.4 97 19 58,0
. 17 ! 78 10 08.8 28 10 23.%
i ! 18 1z 278 4T 24.8 G643 42,1 -
¥ ~ 379 4w 12.% 99 A9 31,4
o 108 261 14 24,7 101 14 41,4
21 H 87 18 %17 102 19 10,7
2 8 JBT 48 10,5 103 48 32.9
by [ 8% 25 603 10% 25 97,6
i 157 6% 48 ¥7.3 1U% 48 48.2
b 3 78% 49 13.0 1U% A9 42,3
26 ] 167 44 S1.4 107 45 11.7
27 e 8% 08 51 8 109 09 11,4
20 1%6 89 43 27.9 109 43 48.3
bl 4 291 14 29,4 111 14 49,0
” 39 N YL 3% 284 112 39 5.4
3t 1o 92 41 15,8 112 41 37,4
12 3 9% A4 35,4 115 0% 10.1
33 18 29% 21 24,1 1% 21 40.8
34 155 9% 47 AR, 7 115 48 00,9
pi] € 38 00 41,4 138 08 37.7
36 [ 333 27 24.4 153 27 AG.A
37 v 386 36 00.8 176 36 21,4
h] 5 13 43 00,3 193 43 21.3
3% [ 20037 11.% 200 32 2.7
ac (2] 61 27 49.4 743 78 08.0
41 FOL 6% %4 2.4 249 B4 39,4 j
;
L “
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Otshar v e

Weather Cocditions

Code nusbers te create hsve access to these datar F, A2, 84
I The output af all the obasdérvations s 1n degrees, sinutes, seoonds

L R R R R Ry RN R s

L R

LR R R N L R R il g ]
REDULCTION OF THEODOL I TE OBSERVAT TUNG
BV F I NN PSSP AR AR R T RIS NN T RSO NI RS IR RERAIN RIS

GENERAL ITNF ORMAT TON

8 January 1980 Instrument & KERN DFHI #169008

1. W
Tob.w

ECHO

P Y
T

St opoint Obs point o cRr
Az PO 114 56 24t 294 57 07.1
¥ 179 04 14.9 159 04 30,2
5 270 26 9.1 G0 26 48,7
R Yoo 3% 0.0 120 3% 16,9
o oo %4 49,7 126 5% 07.4
L 172 43 378 132 43 38,2
" 3ze %1 41,9 144 32 00.0
" 337 41 s4.7 1%7 42 10,8
1 154 A4 29,3 176 44 47,8
21 7 AR 10,7 177 48 Ze.8
22 188 02 36.7 178 02 1.2 .
23 o .7 s 160 37 39,2 .
29 | S0 0.3 181 50 20,4 } )
€ 311 095 163 11 2e.7
2% 3 16 74,4 183 16 40.8 ) ?
2 PRI I 184 27 42,7
- 27 s 37 11,2 186 37 2.4 )
- E 8 20 4.8 108 20 40.8 V
29 10 03 30,7 190 03 47.3
b 10 41 sEs 190 42 11,0
0 110y 21,9 191 0X 4d.7
RSs 12 22 02.7 192 7 al.e
> 12 26 22,0 192 L6 39.8
% 14 41 28.2 194 a1 40.1
T 14 %8 07.6 194 %8 22,5
o 18 29 54.4 198 30 08,1
D 4t 38 0.8 221 36 48,1
v 47 21 30.3 227 21 31.4
i 49 38 0%.@ 229 38 20.4
c 58 4% 33.3 238 4% 46.9
b 6% 34 38,0 24% 34 6.4
) 108 30 20.8 288 30 34.2
FOL 114 %6 32.4 294 37 OB.9
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ARE [, 2

.

N Bt point Obs oot . LR
1 Ay EOL %9 %H 17,4 119 w8 27,0 i
2 ¥ 204 0% 40,1 44 L% NLLB
3 ) X% 27 Ne. 8 1Y TE 0.0
. HI 4% 36 26,4 16% & 33,4
3 o 1 e 1%, 4 171 %6 M3
& . L7 AT G4, G 177 8% 1%,
7 " 9 53 11.1 189 53 20,
8 N D43 21y 202 43 38.0 .
e 19 41 A% Nl Wi Aae 09,8
1o o 4% 7.8 227 49 48,1
i P 4T ud 04, 22X 04 42,7
1w 22 a% 39 09.a 22% 3% Z1.4
13 o 4n By ovE.S D26 %1 A% 4
14 £ a8 12 5508 208 12 47,3
% 1% o a@ 17 49.8 208 18 03,9
18 TH 49 28 %2.2 229 29 0%, 2
. 1y 27 51038 345 231 18 47,9 ;
. 18 b LA TN ) 2%% 22 62.6 P
1% 298 % 04 58,9 235 0% 11,4 -
26 14 5% 43 71,9 238 43 35,6
N 2 h %6 04 48,4 206 O% 02,8
4 25 ar %y 23 8.8 L3723 .6
23 2 57 IV 4.0 457 28 007
>4 3 % A2 2.6 2T 43 04,3
% pY 39 5% 34,4 239 59 0.0
26 w 63 31 18,4 243 31 3,9
s o Bs 39 59,9 Thé R0 11,2
24 t 91 23 0t.7 272 23 1.8
- P u @4 39 33,4 274 39 44,3
30 4 1 4h %9, 0 83 47 13,7
3 8 1o T4 0.4 290 36 0.6
3% PO 153 3t 43,8 333 31 5m.4
33 #OL 159 %8 18,4 339 58 27.%
b
{ 3
.
- ¥
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S —

CERE AR I et et NN PP RN SRS R LU NRBANRRIROREIRESRSEsOsOsRITE
HEDUCTTON OF THETDDOLITE OBSERVAT [ONS
R R R R R R R SRR R ]

GENERAL  INFO ATION

Rate 18 January 1980 Inutrument 1 KERN DEM3 #165608
Otiwere var 1 TLB. W

Book er Tog.w
Weather Conditions @

1 {ode numbers to creste/have sccess to these data: F, A%, Be
3 The output 0F all the obyervations 1% in Segress, Sinutss, seconds

L Ry T Y R Rl r N R IRV R R T Y]

ART NGO, t

e

wo Bt point s point (%% R

1 LR PR, 24 B A7.@ 04 B N6, 6
H ¥ 88 39 12.% 268 39 21.0
3 <] 180 21 28.% O R 6.6
4 R 10 9 %36 30 30 0.9
= [¢] 1 A 489 36 49 B7.7
b L 227 %0 34,4 42 38 4%.3
ki L] 234 45 A8 %4 46 49.0
] N 247 36 M.t 67 37 03.4
2 E RIE 06 V&L 93 06 18.9
10 [+] 288 24 49.% 108 I4 %8.7
131 ] T 33 9.6 131 33 41.8
1z T M7 s 0.8 137 16 40,9
t3 u I19 33 ¢t.9 13% 33 12.0
. [ 329 40 30,9 148 40 40. 8
15 - B 33% 29 36.0 15% 29 48,1
146 #U 18 2% 19.% 0 0% 24,0
(%2 Pk FAI- T : O] 204 51 866
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ARC NO. 2

Nev Bt point Ot point b LR

1 A3 PR 114 %4 34,0 4 54 39,4
K 3 179 01 53,9 3L 92 G2.3

3 5] 270 24 10,8 G O2A 19.6

4 L I0Q 32 39.4 120 32 49,3

s a 306 B2 V6.8 126 %2 41.%

& L 312 4y 9.7 132 41 27.8

r il 324 49 2%, % 134 39 33,3

8 N 337 39 37.4 197 39 A5, % o
¥ & 3 o8 %02 183 0% 00,4

i1 Q 8 27 3.8 198 37 41,9

i o 41 36 128 221 36 2.8

(3 T 47 19 13.7 2287 19 3.3

1y 3 89 3% A%, 2 I2T 25 DAL

14 L N 83 14,2 238 43 24.%

1% B &% 32 0.6 24% 32 30.3

1% (] 108 27 %9l 88 8 06,3

17 250N 114 %4 33,0 L4 BA 39,1

-
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ii
9
A
1

EENE BB T R E RN AN E RN IR ORI N IR RN IRV TS EREREENTITOOSITENGERSE
REDUCTIIN OF THEODOU T TE OBLERYVATIONS
BEEEEAAINNNBENB U BTN RRANRSNORNSRREETNENURITERUTURBANETIRITINRINY

BENERM,  INFORMATTON

Date T B January (%80 Instrument «  KERN DKM3 #1494008
Riwer ver t 1.6.w

ok e ' 1.8

We. ther Conditions 1

¢ Code nuabers to oreate/have sccess to these datas F, B1, 86
1 The Gutput of all the observations 18 1n degrees, minutles, seconds

FREEC LIRS N NIRRT NI R NN NN RN AN S RN RO R NI N RN RSN S ERRUBR ORI ERNNRERSE

£

HBRT NG, i

Mo Gt point e point %9 (=

Bl £ 119 3% 17.8 I%9 38 22.0
2 A 1NN I9 44,1 138 29 St.7
3 N 1968 &% 97,0 18 30 06.9
4 £ 219 A0 0%.8 39 40 13,1
% g 222 12 1%. 4 42 12 31.9
& Q %8 30 47,4 74 30 54,5
7 T W80 O 14. 6 100 00 22.7
8 B 29 08 3.6 112 04 40.9
? 4 318 %68 t1.4 138 58 10.8
0 PO %5 13 24,1 23% 13 32.3
1 POL AZ O3 11,7 242 03 19.7
2 F 119 35 146.6 29 38 .8

ARC NGO, 2

T T -

No 8¢ paint Gbs point % CR

i - ¥ 164 26 %1.7 344 3& 57.8
2 a 200 31 21,5 20 31 20.9
s ~ 243 S1 3%, 7 63 51 43.4
L) € 264 A1 44} 84 41 30.1
s [ 67 14 00.8 87 14 08.4
& o 29% 40 24,4 119 40 31.4
” v 325 01 ue. X 145 01 %6.4
a [ 337 04 08.9 157 06 13,0
9 [4 339 47.6 183 59 24,1
10 PO 100 14 59,5 280 15 07.4
i FOL 107 04 30,4 247 04 35,1
12 £ 164 35 50,8 344 36 58,2
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EERSSRESESR SRR RN U RO SISO TR RNNATN ST NN RN INREEERBEERUTRRELS ’
REDUCTION OF THEOUOL ETE OBSERVATIONS
CENAREESTE ISR A TSI L EANT SRS EE RN BRI ARSI PR T II LR NN N N RN ALY

GEMNERAL FURMATION

Tate H ® January 19HO Ingtrument 1 FERN Db M5 W169608
Obiser cor B 1.E.W

Boe e 1 T 6w

weatner Conditions s

0 Oode curbees to create/bave access to these deatar F, B2, 84
8 The output of all the observations 1s 1n degrees, sinutes, seconds

e E S NI N kR RN NN N RO F S NSRS EAT U RN RA O RV SRR IR RO LN ENUSANSS

ETHG

BRE NG, H

No 5t point paiat =% cR
i B2 £ 299 15 9.9
H a 335 29 Bu.3
3 N 18 50 13.8
. 21 26 42 4.8
3 19 27 24 44.8
s 22 29 38 08,1
7 23 30012 41.4
[ 27 33 44 24.3
s 26 34 26 B4.4
10 F 34 %% 33,3
11 2% 3% 57 07.5
12 214 36 59 47,1
13 298 38 04 43.%
14 - € 17 40 21.8
[T 10 40 50 32.%
16 ® 42 12 34,4
17 o 44 A% 3445
18 14 a6 O3 42.4
19 13 46 2% 41.8 i
20 % 4% 20 27.0
21 300 1 33 3%.4
22 a0 B2 57 32,9
23 3% %3 20 26.8
24 @ 74 39 01.4
2 T 100 00 33.%
26 [ 112 04 4.4
27 c 138 58 23.5
28 ] T3S O13 37,8
29 POL 0 242 03 26.7
30 F 119 33 07.9 299 38 29 &
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AR MO, 2
w2
Mo EE point Qe point L LR
1 B2 ¥ 144 36 418 144 37 01.8 ;
z @ 200 31 Ue.3 2003 30,9
3 N w43 81 %4 &% H1 46,2
4 Rl SHY AL 8.7 7141 %8,y
5 1% it IR Y 72 26 14.%
& s J54 39 13,8 4 39 41,9
> % SE% L3 8%.7 7S OL4 1ZLY
@ 27 Lug 4% 41032 78 44 0T, G
@ s i s B E O 4 e 8 r8.%
1o % 259 ue 4.7 19 %7 9.8
LR} W TeG S8 16,0 83 9B A0 Y%
12 2IA Je2 UL 020 Dy Fr.4
13 Redi) 2e% A¥ e, 4 8% 06 1%.%
13 € b4 81 2.0 B4 &4y B1.8
1% i 6% 51 45,7 2
is " SHT 1% A998
17 p l&% 4T 01,7
18 k) 221 08 8.7 P
19 b3 271 26 3%
20 R 274 21 A2. 86
21 oA LTh 34 AT, X
22 L34 ZTT 5B AT.N 97 LY 48,7
2 b3 B 21 LW 6 2% w22
24 ] S99 40 14,4 119 40 33.9
e b 30% 01 4402 14% G7 0t.8
It o 337 0% %93 1N7 Gb 19.%
27 i 3 %9 IS.6 1893 5% %8.7
e L] 100 18 B0, 260G 1% (1.4
Fid BUL 1a7 D4 40,4 287 04 S50
30 ¥ 164 J& 43,0 Tas 37 02,4
-
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BASSSALANTRNACRURNUEREORERRUNREERUTRRLSETRTIIRETAEILINETRIRIINLY

RE

DUCTION OF THEODOLITE OBSERVATIONS

SOBEASSSSUNSENERENBONRRINNR NN ERO T ROV NN LA RN ARIRRLRINRINS

BENERAL INFORMATION

T T A

Date 1 ¥ January 1980 Tretr ament 1 KERN DKM3 81469408
Obuer var o L.Bw

Buooker t L.B.w

weather Conditions

T Code nusbers to create/have access toc these data: ¥, B3, 86

$3 Vhe output of all the cheervations 18 in degress, minutes, ssconds

SECESLLIBSTEESLERSINROSUDERINU R RRB RO URRE NP RN T N RPN RN NI ES ORI RNESRRERNS

8t puint

»3

L

Appendix E. DATA

&

£CHD
P
ARTC NO, t
EETT T,
Ots point (=1 CR MEAN
F WY By 240 29 89 A0.% Y09 LY 32,3
a 4% B3 w7 &5 54 11,7 Za% B4 02,2
L] 289 14 09,4 109 14 26.4 09 (4 17.9
€ 310 04 §7.9 130 04 33.8 310 O4 B
L4 312 38 32.8 132 36 98,7 312 36 44,3
L3 3233 X7 Ab.t 143 28 01.8 323 27 54.0
a2 324 32 38,5 144 32 34,4 324 327 44,8
44 24 A0 48 4 144 A0 59. 8 324 40 82.2
Ay 327 o8 38,8 147 03 84,8 327 0% 43.1
%i 327 13 7.6 147 13 24,6 327 13 AL
o 327 4% 13.3 147 4% 31.4 327 4% 22.4
a7 T 1L A8 148 14 O%.7 378 13 %8.9
- od 329 0% 4A. 0 149 06 01,0 329 o8 %2.3
59 329 36 (6.9 149 36 31,4 329 36 24.2
54 330 13 14,8 150 13 31,4 330 13 2%.1
52 330 16 39.6 130 16 53.7 330 18 49.3
B2 330 S8 25,2 150 30 A2. 4 330 50 313.8
us 331 40 17.8 181 40 331 331 40 25.4
36 332 0% 08.0 i52 0% N.8 332 0% 13,3
62 332 46 B2.5 132 47 10,8 332 47 01,3
&3 333 26 48,1 133 27 OB 333 26 B6.0
b4 333 46 53.8 158 47 0.3 338 47 02.1
67 336 14 24.3 194 14 42,3 336 14 33.4
(34 336 82 3.2 156 82 B4, 336 B2 45,2
4360 338 22 10.58 198 22 26.% 338 32 18.%
2 340 05 8.6 160 06 O5. 0 340 03 37.%
% 340 24 33.2 160 24 A2 & 340 24 32.@
73 342 36 M1 162 37 O7.% 342 36 99.3
74 343 20 4%.0 163 23 09,0 345 20 87,0
77 244 20 26,3 164 20 43,4 344 20 349
[] 343 02 86.¢6 163 03 12.8 34% 03 03,7
Ti4 z4% 18 13.2 1653 18 26,0 345 18 20.0
81 34% 3% 05.0 165 38 21,1 345 3% 13,1
10 34% 37 3A.8 165 37 B1.0 343 37 42,8
T3 346 30 29.8 166 30 A3, % 346 30 37.9
T 10 24 22.8@ 190 24 A3 S8 10 24 33,2
o 22 28 2.7 202 28 57.% %2 28 49.9
[+ 49 22 20.6 229 22 7.3 A% 22 29.0
FO 143 37 31.7 323 37 50.6 1A% 37 41.2
POL 152 27 20.2 332 27 38.3 152 27 29.3
F 209 89 24 % 29 59 1.8 209 39 33.0
240
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Ny Bt point

1 BY ¥
N a
N N
a E
b e
& 41
kd a0
] a3
& 4%
10 1
i 2y
L2 H
13 8
18 =9
15 %4
it 53
17 s
18 5
19 Té
20 62
P43 &3
a2 &4
23 L2
P L34
Fal &IA
6 ke
27 9%
29 3
9 a8
36 77
31 Q
by Tie
33 a1
34 70
hi Tz
36 M
37 o
R ] [«
3% L]
40 [
4 ¥
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HY
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*
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P N L

o

w

1%
i&

iged

190
197
5%

o
b1
51
(0
w
9
34
42
w7
15
LY
1=
[trd
L%
14
26
0
a
ok
48
28
[
16
z4
3
o7
26
xa
22
22
o4
19
3%
39
32
26
30
24
39
Fad
ot

amM g & 1.,r4|&-~

L O
16, &
49, 7
85,7
14,0
e
16,3
23,7
1%.8
9.3
B2, 4
L%
i)
Y. 9
5%, 1
T4
Cé. 8
BT
L3-8
353
B4
3.8
[
0.8
53,8
3.8
08,3
333
9.7
6. %
39,8
Uk, 4
8.2
13,4
1.3
08,3
6.9
0G0t
14.7
03.3%
b, 2

(RN
154
17%
17
188

194
154

Gy

" g

ALEAD G I e
R L

R

5.0
430}
37.2
08,
08, 4
34,0
6.7
0.9
58,5
44,8
4.8
an. 7
18,8
YalZe
Ok D
a0, 7
17.8
43,9
40, %
2.8
a7.4
N9
u7. 1
2%.5
4 P
20.%
35.8
1.5
26.0
158
16. &
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L T L L R T T R e L LT AT Y ATy Y
FEDUCTION OF THEODOL ITE DBSERVATIONG
Ry Y N LR Lt R R A YT Y]

GENERAL  INFORMAT TON

Dato £ 10 January (FBO Trstr ament 1 FERN DM 81465408
Db aer ver [ )

Boot er t 1.R.w

weather Conditions i

¥ Code numbers to creste havww access to these datar F, B4, Bé
te The actput of sl the obuervations 1s 10 degrees, minutern, seconds

LRy R R A F RS TR T LY

ECHD
X Ak WNOL 4
[
Mo Gt poiat Ops pornt ou (=] v
i 3 B4 € P16 %7 %19 36 %8 09.3
z N %6 12 38,8 116 12 %6.1
3 13 317 02 %40 137 O3 0N, 4
. " B2 01 32.% 172 01 442
s 101 408 28,7 1684 0% 38,3
& 43 416 42,4 194 16 83,9
7 143 i 19,1 184 24 33,9
[} 159 4 2% Ss.8 184 26 11.3
- ] 944 4 AL a9 184 A2 0a.9
10 116 4 43 %7.8 194 %4 11.8
i 89 5 04 87,9 185 0% 10.8
g T4 5 12 03,4 185 12 16.9
13 144 % 47 %2.8 185 48 O6.1
i) 146 4 %6 45,0 186 56 %7.4
i3] %9 7 02 8.8 187 02 41.9
i 136 702 By, 2 187 03 0%.2
§2 149 727 22,3 187 27 35.4
18 9% 7 A% l0.8 1867 4% 43,7
19 Ty 7 83 04.9 187 83 (7.1
20 17 611 39.9 168 11 sy @
21 146 8 13 2.4 1688 13 45,1
@2 90 a 14 34.9 188 14 45,2
23 167 @ 31 18. ¢ ig@ Xt .3
* 4 147 B 32 A% 2 H %2 %84
Fel {54 8 %8 4.8 188 %0 46,9
FTE &7 ? 1% 18,9 189 1% 313,32
rid 168 G W 163 189 20 3101
28 1A 9 36 19.% 189 36 X2.%
2% 126 10 09 43,6 190 0% 37.4
30 118 10 3% 17,1 190 3% 0.9
3 T2 10 37 38,0 190 38 10,4
32 149 10 A4 S 4 190 4% 0%.8
33 127 10 %6 24.% 190 %6 38,0
34 135 10 %7 49.0 190 %8 0%.9
3 130 11 09 147 191 09 30,2
36 174 114 07,1 191 14 28,0
37 132 1138 on.9 191 35 20.8
38 17% 11 3% 10,8 19 3% 21,8
3% 14 &9 27 1.9 209 27 29.8
40 POL 159 2% %0.3 33% 26 06.4
41 ¥ 21k B7 B2 36 BB 10.4
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ARC NO. 2
Ho Bt opaint Msw point £ TR
1 e ¥ DRT OO0 07,7 g2 00 16,9
z N 4l 14 8Ty 181 15 04,9
3 3 2 un 02,3 182 05 10,1
a o 37 0% w97 217 03 a9.n
5 to1 av 07 1.1 229 07 4.0
& s 49 18 4%, 3 229 19 05,7
7 147 49 26 30.% 229 26 43,4
a 1 49 7B 08,5 209 7B 17.1
4 Pa4 49 44 079 239 44 i8. %
1o 118 47 55 10,3 229 %6 20.1
% ay 86 07 09.% 2%0 07 20.8
12 T4 0 14 1.8 230 18 28.0
13 144 nooKG 03,3 230 B0 14,9
ia t6e T8 ne.2 231 89 06.2
1 51 04 39,7 237 08 49,1
1o 138 "2 08 G0, 3 232 0% 12.9
vr 185 52UV 324 232 19 AL %
L 18 % 52 A7 A0, 2 2327 47 0.0
19 T3 5T 5% 15,9 232 55 2%.4 Ny
20 0y 53 13 5.6 33 14 00,5
21 146 5T 4% 39.0 233 15 51.8
2 90 53 16 4S.6 233 16 58.0 .
F3) 187 53 33 26.9 33 33 40.7
% 147 3 54 54,7 33 35 07.4 :
23 137 54 00 43.9 734 00 B6.2
26 &7 54 L7 29,7 34 17 39,4
27 168 4 27 29.7 734 72 36.0
] 148 4 38 30,37 34 38 41,3
29 1is 5% 11 34,8 738 17 0S.6
e 30 118 =% 37 4.8 3% 37 8.0
3 12 5% 40 07,6 3% 40 17.7
3% 149 5% 47 00,8 235 47 12,7
33 127 TN 58 34.8 I35 %8 44N
34 135 B8 00 00.0 238 00 10.6
3% 130 %6 i1 26.8& 36 11 37.9
3o 174 56 16 21.% 236 16 27,3
37 1327 %6 37 18.8 236 37 27.0
: 38 17% 56 37 22.9 236 37 27.8
3% |3 74 20 24.8 T4 29 36.3
.0 POL 204 27 S9.4 24 78 12.9
4 ¥ 262 00 07.4 B2 00 17,7
-
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ARC NGO, 2
[P
No Bt pornt Obs point (2N R
1 Le F TR G0 0.7 82 00 16,9
F N 341 14 8% 16l 1% 04,9
N £ FARC IV 182 % 10,1
4 o TP 0T X9.7 17 03 49.%
5 401 A% O7 ¥, 229 07 8.0
& h8-3 4% 18 49,3 PREO1F 0%7
? 1472 A% P& 308 JL% D6 A%.4
] 134 4 I8 0B.% e s I W AN 4
k4 Faa 49 44 00t 249 44 18.% "~
14 e 4% WE 10L 3 09 86 B0,
11 av BG 07 09.% 235 07 0.8
12 T4 GG 14 5.8 2IG 14 28,0
[ 144 50 %0 03,2 230 %0 14,9
14 166 51 SH %42 231 89 06,7
(24 34 BT 04 297 232 0GR 4.y
te 138 M2 oS 0.3 3T 0% 1.0
17 145 %2 9 I2.4 232 29 43,8
j:] @Y "L A7 A2 TIZ AT BO.O
19 Tz L F AN -0 232 %% 25.4 N
MY 117 B3 13 %16 233 14 BOLS
A IR 1Y 53 1% 30,0 233 1% 51.8
g A W3 16 T8 23% 18 38.0
23 187 %3 3% 26.9 233 33 40,7
24 147 B A B4, 7 233 58 07.4
% 137 A OO A%.9 I34 GO N6 7
2 &7 S4 47 w2 34 17 39,4
27 168 =4 20 P97 234 22 3.0
8 146 %4 38 30.2 234 38 41.3
Pl [ 5% 11 N8 2I% 1T 05,6
b 1i8 5% 37 24.8 235 37 8.0
34 e R AG 0.6 IS A0 17,7
s 149 T 47 0.8 3% Ay 12.7
> 127 53 58 4.8 I35 58 44,5
34 1% e OO0 000 238 00 1008
3% 130 Y6 11 6.6 236 11 37,9
3 174 % 16 21.% 236 16 27.3
37 132 Be 37 18.8 36 37 27.0
30 175 S8 37 22.9 236 37 27.8
3% 14 74 29 a9 A T9 36.8
LI PO 204 27 89 4 24 2w 12,0
41 4 263 00 0.4 8% 00 17,7
iy
H H
* 3
-- !
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R e T e L N R RN Y]]
FEDUC JTON OF THEODOL FTE OBSERVATTONS
Ry R R Ry T T

GENEFRAL  [NFORMAT TON

Date VLY January 1980 Instrument 1 RERN DEMI 8149608
Obsur cer ¢ LB W

Book er t 1B,

Weather Conditions i

¥ Code sumbers to create/have accwss to these data: P, B%, 86
S0 The cutput of all the cheervations is in degrees, minutes, seconds

ARSI SR R TR LA R RN RN R NN R RN R AN EN NN RO NIRRT

ECHD

ARl WO, i

No St point e point (o1 TR

1 BY ¥ 177 67 12,7 387 07 30,2

H a 213 01 44.8 33 02 00,2

3 € 2T 4T 078 97 12 24,

. o 32 10 4%.8 132 11 06.2

s 131 331 & 3.7 151 36 54.0

s Tt I3 49 A5,y 151 S0 04.3

7 17 331 B0 01.3 181 50 19,4

[} 151 334081 17.4 151 % 37.@

L] 152 332 16 1901 192 14 4.2 ’

10 134 332 0% 178 152 25 29.8

[ 133 312 39 36.% 192 39 3.4

12 119 333 08 12,7 153 08 9.0 ¥
13 [ 349 34 0.6 169 36 49.8 1

« 14 [ 16 30 10,9 196 30 0.0 i

T ] PO 112 4% 2201 292 45 35,5

[OR— BOL 119 3% 07,0 9% 35 73,1

17 ¥ 175 37 15,4 38T 07 30,3
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ARC MO,

[ St point Db povnt [ cR

1 3 ¥ .9 87 o0 12,1

b “ FES 122 %4 44,0

X € 47,4 187 0% 0%.% N
4 @ 8.3 2L 0T 4%.G i
5 [ PP o4y 29 37,

6 T 12,4 241 42 41.8

b tey 47,8 DAL AZ 59,0

3 [ R a4y aa o,

* (R Ulb 242 09 17,0

1o VA 55,8 2427 18 (1.4

3] [ 21.8 AR 3D 3m. 4

H 119 6. 4 A% 01 12,7

13 © 1. o8P 29 0.7

1< ¢ 2. B I3 12,4

i% L45] L6 288 181

s e 48,4 29 2B 0N, 2
17 ¥ ua,s 87 60 12,0
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LR R R e A LS AR R AR R R RS Y ]
HEDUCT TN OF THOODOUTTE QBSBERVATIONG
LR Ry R N R R R A R R A R i

Pate
Mwase .y
B e

Wkt Py

. Cedte
v The

L R T R IR RN RN R C R R R T RN I L]

CHENE R

IRE QT TON

i

L danoary

19

Trembr ament ¢

[
o f
'

T.E. W
LI A
Totdi tiong

rantigr s Lo create have &
Gutput of all the observa

ey H1 point Ope posnt
i 1 3

3 #

3 L

L ¥

3 ¥

& #

’ v
L] N

i €
1o e
v o
12 Lg}
13 (S0
is L

5t poant (itie point

1 o1 F

2 - B
3 a

4 3

5 x

o »

7 W

e N

i £
1o ]
it o
12 #G
1 0
i p
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cowns to these detar £,

PERN

£, He

Crons 1% i degress, minoter,

£ Cwi

e

BROORD. 1

i

104 ww
138 87
148 40
159 e
&y B
169 53
[ELIREY
178 5%
LHY %4
PR
nl TE
a% 11
B7 4
124 59

ARC wNO, 2

170G Gy
183 %9
197 4%
208 27
208 54
214 5%
D191
FEAN-T

234 uB
267 3%
3068 40
120 12
$%2 D
170 01

Wt 0%
5.1 38
. i
3.9
%8
%8
344
4s.0
39,4
%0 Y
a7,z
2T
24.4
50,3

0.7 150
27,3 x
5.4 1y
7.0 2a
12,7 28
19.8 34
00, o 19
12,0 I}
06. 6 64
19.2 87
12.3 12
a8.1 10
0.7 3R
19.8 )

B
o

[STREN

®1EGH0H

W Gngy

ar.0
0.8
49,2

8.8
8.4
Y §
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I NI EAN N SRS TSI PR NP RO B N NPV RIS R RS L NERNES '

GEMERAL INFORMBTITON

Date §1D January 1980 Trastrument @ FERN DFMI ML6T608 “
Ctiness wer [ 9% ")

B er 3 LB W

Weather Conditions i

 Coue cu bers to create/fhave access Lo these dates F, 00, 68 B

¥ The outpunt of atl o tne obser vAtione 1% 10 SEgrees, minules, SELONTS

CER NI RO RN AR RN NG RNR AT I AN I NIRRT R AR RSN SIS INNRE NS AN AY

EOHG

BB ML «

N B point Obvs point T ke
4 [ 4 119 33 09,0 299 35 74,7
2 B 133 13 19.6 313 33 J6.0
3 A 147 1% 45,4 323 1e 0%.3
. N 173 31 0%.8 353 31 16.9
s € 164 31 98,0 432 15,0
3 4y 8% 1% 06.0 9 13 18,1
- 7 44q 190 16 44,0 10 17 06,4 R
[} 2 190 52 2407 16 327 40,4 k&
9 A% 192 28 40.6 o 28 39.5 :
10 a7 193 3% 0%.8 13 39 18.7 :
1 51 193 %0 II.6 13 50 41.8 ”
12 L0 194 04 47,1 14 04 59,3
13 32 196 14 B52.7 16 1% 07.2 i
14 =8 196 24 2%.2 16 24 40,7 v
13 53 196 31 29.% 16 31 48,4
16 59 *96 58 17.3 14 38 29,6
47 54 197 07 46,1 17 08 0l.s
1e N 197 3% 08,0 17 3% 18,6
19 4 197 38 37.2 17 318 2.8
20 [ OO 03 01.8 20 0% 17,8
21 63 200 20 9.0 20 20 4%.8
M s 4 20T 2% 03y 23 0% 16.8
21 69 TOA B 59,7 24 %7 14.%
24 g 57 04 459 8.9 24 B9 7.6
b (3] PSR L % 29 4.8
26 % 207 4% 10,3 27 a9 24.8
27 72 208 4% 00,8 28 A% 18,4
20 »3 211 27 aB.w 318 08
9 T1a iy 43 04, 1D 43 23,9
30 7a 1A 57,0 30 49 14,9
] 137 213 32 277 33 32 41,4
32 77 218 09 16.% 34 09 34,1
33 70 21% %8 37.8 3% NG 49,4
34 138 218 32 1%.8 36 32 34,0
3% at 216 40 40.0 36 40 %7.0
34 a 217 09 08,3 37 09 26.3
37 D 158 14 04.4 78 18 19,9
38 [0} 79 86 39.6 %9 46 %8.0
39 oL 82 29 42.4 262 29 87,3
.©w ¥ 119 3% 09,7 99 35 23.8
i
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No Gt point

w2

Appandix E. DATA

ARC NGO

W

B0

e
Fad
amr
2%
Pt
I
LY

pCTS
EPey
303
to

127
1od

2

(5

s
44
27
42
4%
26
8
19
e
o1
1e
26

4z
L
]
s
49
14
31

36
B
1o
40
00
s
19
s4
a0
43
20
a9
a3
5t

20
5
57
a0
s

37.0
44.9
15.%5
.7
23,3
2.0
18.9
%3, 8
4.0
32,7
S4.%
12.6
19.7
B2 6

Al g AJ‘&.




L L L N S s AR A R AR L)
SEDUCTTON OF  THEGDOU [ TE Dbk FVAT NS
R Ry R e e R R R R A R R s s

GEMERAL TN DRMAT TON

Date T 12 January 1500 Instrument . rERN DFM3 #169608
Observer tolEW
Booker 3 1.8, W

weather Conditions

& Coge nusbers to create hive acoess to thess date: F, U3, 86

8 The vutput af a1l the observations 1% 10 decrees, mioutes, SeConds

R R R R R e e el ]

EUHO
ARC MO, 1

No Gt point Obs puint <L

' €3 F %4 @ 58,0 74 49 07.0
z [ 268 47 13,2 i 4y 18.1
3 a Lre 29 39,3 98 19 49.5
- N 08 44 81,7 176 45 03,5
: [ 319 45 46.8 139 4% 57.6
6 9 2 22 ST.7 172 23 10.0
7 164 383 06 31.% 173 06 38,3
[ a3 3%3 08 03.3 173 08 12.7
9 139 354 11 26,4 174 11 28,6
10 12 354 16 587 178 17 02,1
I a4 BT 0O 40.B 17% 00 0.2
12 124 1My 28 16,7 175 28 28,6
13 ta3 I35 39 4.9 17% 39 33.8
14 118 ™7 03 2%.8 177 03 38,1
8 R m7 11 4s.6 177 11 %8t
[ 66 Im7 26 A%, 177 26 S6.7
17 162 197 S5 55,7 177 %7 00.B
16 1o 159 26 18,4 179 28 23.0
19 140 19 A6 H.4 179 46 43,1
20 161 359 54 45,1 179 54 S4.2
21 a4 O 16 48,7 18O 16 34,4
22 114 o 22 S0.6 180 22 %7.7
o3 91 102 19.6 181 02 29.8
2« 141 108 433 181 04 S0.4
2% s 118 12,8 181 18 24.1
26 142 2 36 36.8 182 36 45.8
27 130 2 40 0%. 4 182 40 11.6
78 9% 3 16 06.8 183 18 16.2
29 [ I3 27 53,8 218 28 02,1
30 PO 21% 00 32.4 3% 00 38,7
3t POL 217 43 28.5 37 43 37.2
32 ¥ 254 A8 58.7 T4 49 06. 4
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ARC MO,

299

2

Ci

50

313 48

No 5t point Obs point
t c3 F

- 8

Y a

4 N

5 €

s Q@

? 164
a -
@ 139
1 03
11 a4
12 124
11 (Al
4 118
151 #I4
‘e Bb
vy 162
18 119
19 18y
ot 141
ot @4
T 114
P k21
4 141
o8 160
Y 142
a7 130
8 9%
s o
30 PO
13 RO
32 3

--
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03

10

1N As
4 47
1rolae
38 ur

18 09 g

19 12
19 18
40 01
a0 29
40 40
42 o
4% 13
4z v

a7 g
48 27
a4 a7
44 56
4% 18
as 24
48 03
45 06
a8 19

47
47
48
a8

37
4t
17
Pad

Q60 0L
62 A4
S99 50

45,7
46,1
048
16,1
13,4
36,0
5%, 4
04, %
6. 4
08, %
44,8
o932
6.0
53,1
23,7
23.%
11.8
47,8
.8
19,2

149
153
143
171
184
217
218

. @

(e

SRR
d R -
<@

»

HI S NN N RAY.

R

povid -4
L3: 5. TS}

1
as
a7
4
Q7
o
13
18
a2
29
a0
o4
13
28
a
27
a8
56
18
24
03
&
19
-]

[P}
20.4
13,7
24.6
541
9.2
45,0
20,1
[F
34,9
534
54,5
12.8
1.7
19.4
44,9
G0
11.9%
133
14.4
80,0
11,32
9.1
04,3
6.9
28.9
19.4
58,9
0o, 4
24,1




EET R TN R eI EE R RIS RIS ORI RN RN R TP eI RO RRRIBRROOSSSSTE
FEDUCTION OF THEODDLITE OBt RVATTONS
BRI RIS LY E RS R RA AT OITRTASF AN AR HTIATIEITIENIND

GEMERAL  ITNFORMAT LON

Date 10 January 1980 Ingiroment 1k ERN DEMY WIA960R
Cisor ver 1 ToBLwW
Gl wr t Tk,

'

weather Conditions

¥ Code nunters Lo (reate/bace access to Lhewse datar
M Trhe outpot of #li the obaer

R R e e R RN R IR TN IYIY)

ations

ECHO

ARC ND.

1w oan decews,

F,_D1, 86
minutes, seconds

Ne St point e point cL R
1 o1 B Ot @6 36 10,1 266 3B 20.8
z 13 3 3V IS - 92 04 33.3
M ¥ 116 33 34,35 294 33 42,3
. T 120 42 10,3 IGO0 A2 12.%
% v 121 51 20ve 01 B 26,3
6 w 127 19 20,0 307 19 27,3
7 A 131 33 3%.9 %11 33 3907
8 ¥ 133 21 43,0 313 21 48.8
L] [ 136 0B 57,73 314 09 07.7

10 3 1% 17 18.% 116 17 2241
1t X 137 %2 12,5 317 82 20.%
12 N 157 50 19.% 337 %0 27.¢
1% E 167 63 43. 0 342 0% 52,8
14 [ 190 04 48.8 10 04 S4.8
1% © 83 38 49.98 Y63 18 87,9
16 oL B4 41 4.4 264 41 40.S

AaReC NGO 2
Mes St paint Ous potnt [ cR
--
1 1) #OL 86 18 11,7 Cbe 38 1.5
2 B 13140 07.% 111 A0 14,1
3 ¥ 157 08 20,73 317 06 28. 4
4 T (ayo3mo2@.% 41 I8 34,8
5 v 16 43 59, T4% 44 08,3
& w 166 33 14,0 T46 53 19.6
7 a 172 21 14.5 IW2 21 181
[} v 1786 3% 29,4 IN6 3% 34,7
9 ® 178 23 33,8 158 23 43.3

10 x 179 10 83,9 3159 10 %8.8
1 X 181 19 06,1 119 13.%

12 N 182 %4 0%.8 2 %4 13,0
L £ P02 M2 1l.e 22 %2 0.0
ie ] 207 0% 39,1 27 0% 44.9
% ¢ 238 04 41,0 BT 06 446.7
18 (R 128 40 4%, 308 40 50,2

Appendix E. DATA

251

.




RN —

P St point Ous point L LR

1 © oL 109 4% 28,9 BOL A 5 I o P
2 B 0 a0 18y
¥ ¥ 96 43 Pa.8
3 T 2009 40,2
" W Téo 38 a7, Y
& W 0 87 1.4
' # Y 31 B6 31.%
<] i PARAINE N & T 17 4 1.8
4 ¥ Pra L v 138 4%.0 -
(%4 r SUT Te 378 A% Feb N4
1y x JLA xS EBLO 44 14 11.8
i N Ine 2 oanLe A6 T2 4.
13 E Frr 87 qo.e ar %7 2407
14 4] QAT w48 &7 BY XX
% 1% o SST 0B 83N T 08 7.7
w i O, THO 09 de.7 10010 00,6
\ .
ARC WO, &
No St point Ohs point =% CR
H U PO 173 4% %38 3BT 44 OA. 6
2 B (74 4y 35,2 ANA AS 44,5
3 3 176 4% 13,4 36 43 26.3
. * 131 41 A1 m I11 4y 83,7 .
“ - Y 157 07 L1004 337 0B 04,2
& w isl 17 0.8 344 37 1%.8
k4 a 16% 4% 27.% 345 4% 44, %
# ¥ 1he B4 3.8 I44 WA %73
¥ # 172 22 as.9 382 22 35.8
103 ¥ 176 %o B9,y N6 37 12,1
% 1 176 2% 0.0 358 2% 1.8
12 M 179 42 22.8 We 12 3.7
12 £ 191 20 38,3 120 %1.0
14 o 182 %% 3.0 2 u% a9,y
131 14 D07 %L 41,0 22 %% B6.8
ie Pl [T 0T tile 27 07 23.1
.-
Appendix E. DATA 252




L R L e At Rt
KEDUCTION OF THEGDIN TTE CRLERVET IONS
LR R R R T R R R R T

GENERAL  INE ORMAT LON
Date ' nuary 1980 Towtrument 1 XERN DF M3 #16%60H
Obwer ver 1
Foiot er t
Weather Conditions i

11 Jai
LB.w
I B.w

b Cude numbier s to Lreateshave sccesy to these datar F, D2, 86

6% The autpul of all the olservations s 10 degrees, mnutes, seconds

BN L IR AR R AR F R AN RN AR RS RN O AR RS RAT SN UL

@ [y

Al NG

No Gt point Obie point oL oR
H 02 O S5k 41 300 176 41 26,3
2 B 22 07 449 20z 07 38,1
3 ¥ 25 & 538 206 36 4%, 8
4 a 41 36 31t 221 l6 46.3
] N 67 B3 3%.8 247 83 30,1t ~
& £ g7 038 W2 08 N7.4
7 Tiy 539 04,4 273 38 4.0
8 T10 9% W9 20,6 274 %9 09.9
- % 164 A0 32,0 27% 40 3.8
s iad ®7 27 %4.8 277 P27 47,8
14 1% F7 8h A1k 277 %6 33.%
12 [N 97 58 46,4 277 %8 6.9
¥ a1 99 04 53,6 178 04 A% %
H 163 ©8 48 20.2 276 48 10.9
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APPENDIX F. "THEO" COMPUTER PROGRAM

F.1 REQUIRED BACKGROUND

The "THEO" program runs with BASIC 2.0 and BASIC 2.1 WITH EXTEN-
SIONS (provided that there is enough memory) or only with BASIC
2.0. Also, this has been “osted on a HP-981, micro computer using

a HP-9121 double disk drive.

The "THEQ" progran has been written to reduce theodolite obserw

vations acccsding to the procedure of sub-sections 3.4.1. and

This program can reduce cbservations of a waximum number of &4 arcs

50 observation points per arc, and was designed gne-

per set and
cifically for the dava relating to this dissertation. That is,

200 peintings can be reduced at the susme time.

There are four checks in this program, in order to datect misvakes
during the data entry from th. data sheet. However, it is the
user's responsibility to check that the point used as a reference
object {(R.0.) occurs at the teginning and at the end of each

round. The checks a.e the following:

1) Check 1: The length of all entries must be acrording to the
- specified value (not more or less than 8 charac -
ters). That is, three digits for degrees, two di -
gits for minutes, and two digits with one decimal
for seconds.
2) Check 2: Fvery observation reading must be less than 360 de-
grees.

3) Check 3: The difference ;CL-CRIv180%°%e;, ¢ 15 a user speci -
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fied maximum error in seconds (e.g. 10 sec ).
4) Check 4: A subsequent observation eatry must always increase

as theodolite turns clockwise.

The output of this computer program may be Jdirected to either the

screen or to both the piinter and to the screen at the same time.

The print out includes t e entries of the “General Information”
(cbserver, booker, etc.), the entries of the data (station point,
observation points, UL and CR readings), the mean value between
Cl and CR readings, the orientation corvection and the reduced
mean values of the second and subsequent arcs, the final mean of
each obsarvation, the horizon closure error, the corrvection and
the reduced observations. Thereafter, the observat. .4l residuals
and the standard deviatjon of both an individual observation and
of the mean are displayed. The format of all observations is in

. degrers, minutes and seconds.

F.2 DATA FILES OF THE 'THEO" PROGRAM .

Nine random 2ccecs dats files are created automatically.

To create these data files a code number which is expla‘.ed on

the screen must be inserted just prior te the running of this
program, to serv: the purpose of automatic creation of data files
or, 4f they have been already crested, to enable recalling them,
The individual data files are described below and the variable

names are provided for reference:

Filel: This contains all the CL readings of the complete data
set. These entries are stored in the string variable
Nari(200)[8].

File2: This contains all the CR readings of the complete data
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set. These entries are stored in the string variable J
Nde (200)(8].
File3: The numbers of the totai avcs per set and of the dif - -

fersnt observation points are included in this file

(Aronum, paints),

Filed: The set of "General information” {date,observer, booker,
type of instrument, weather conditions) is included in ‘.
this darg file, the maximum length of each specific
item of information being 20 characters. They are

denoted by the “tring variables Da{25], Observe|23],

Hooke(25], Instrumen{25}, Weathe(25}.
File3: Tnis contains the observation pointi{s) name(s) with ma -
ximum length of 3 characvers (Point_nam{15){10]). N
Filed: This contains the station point name having 2 maximum ‘
length of 3 characters (St _poin(i0}).
File7: The maximum permissible error between CL and CR rea -
dings in seconds, which depends on the type of theodo -
lite, is stored in this data file (ﬂn).
File8: The ohsaervational residuals are contained in this data
file (L2001},
File9: The total number of observational residuals is stored

as the variable "Total” in this file.

All the above data files are associaced by certain paths (as de-

fined in Hewlett Packard Basic) for communication between the

screen to diskette (OUTPUT) and vice-versa (ENTER). These paths

are the following:

File/» Emp
Filey» Emp_12
File's Path
File“s Odos
File's Qaz
Fite®s Plm
File + Akpibeia

Fite®» Res
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File's Top

F.3 FURTHER INFORMATION

In addition to the variables described previously, the following

variables are described below:

Mot {s,50)

A4, 50)

Magarc(é}

Redmo(4,30)

Fiumean(50)

Horiz closure

Correction

Ro(5Q)
U(4,50)

Total
Typsfalma

Mes o sfalma

Appendix F. "THEO" COMPUTER PROGRAM

Tt is 8 two-dimensional matrix for the mean va -
lue of CL and CR readings, in seconds.

It stores results of the difference of the res -
pective observation points between the values of
the first and the subsequent arcs, in seconds.
This is a one-dimensional matrix which stores
the orientation norrection of the second and the
subseguent 4arcs, in seconds.

It stores the reduced mean value of the second
and Lhe subseguent arcs, in seconds.

It stores the final mean values for the observa-
tion peints, in seconds.

This is required for the calcuiation of the ho -
rizon closure error, ia seconds.

It stores the correction which is necessary to
be applied proportionsally to the final mean va -
lues, if and only if horizon closure errors (in
seconds) exist.

This is the matrix with the reduced values (in
secondg ), of the theodolite observations.

This stores the observational residuals, in se -
conds .

The total number of the observational residuals.
The standard deviation ot each observation.

The standard deviation of the mean.
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The flow chart of the "THLO" program and the associatsd program

listing is given in the next sections.

F.4 FLOW CHART

e

-
(o7 )
1

NRW

CREATE new or RECALL old data S

: ©

Use of SCREEN or SCREEN & PRINTER together

3
.,«’/M/ -
T New N (old)
«:Germr&l Informat ion"\,,}"“"""'"“" ————
N"‘\‘ 7 ) o
S )
" Revision of e Y i

“"General Inforvation" e

? L

(“K.l; }
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,// New
< "Observat jons”
"““m,‘,m 7 //

T N (old)

v

B

o

e

/ Ravision of ™

< Ob%x vat ions /\“““"“‘“’“‘“’“‘“
.

10

N

ORIENTATION CORRECTION }

JED MEAN VALUES

iy

{ FINAL M

13

1
EAN |
|

k2)

-
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12
—
HORIZON CLOSURE ERROR

14

{ CORRECTIONJ

15

REDUCEL OBSERVATIONS ]

i

1{OB'SERVATIGNAL RESIDUALS }

17

e e It s

STANDARD DEVIATION OF A DIRECTION I
FROM A POOLED SAMPLE ‘

18
</ Any other o,
R D e R
M\\ un \‘W/ %
,»\w H
1
i
!
i
|
I
i
Appendix F. “THEQ" COMPUTER PROGRAM 2

a A

. ) ok Py S T

.



% CREATE new or RECALL old data §

CREATE or RECALL 9 files

S S

STORE in o RECALL from the Xs‘ file the CL readings"
d

STORE in or RECALL from the 2"C file the CR veadings

l IS —

STORE in or RECALL from the 3rd tile the number of
the arcs and the number of the observed points eacluding R.O.

e -

STORE in or RECALL from the Ath file the "Genaral
Information”, e.g. date, observer, booker, etc.

STORE in ov RECALL from the 3 b file the names of
the uhserved points

STORE in or RECALL trom the 6 file the name of the 1
station point }

!
N - S

STORE in or RECALL from the th file the required
accuracy (e) in seconds, so that |CL-CR-180°!<e

ﬂﬂﬂﬂﬂ R T

STORE in or RECALL from the Eth file the observational

residuals

STORE in or RECALL from the 9th file the number of
the observational residuals
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1
READ "date" J

——
READ "Obser ﬁ[":

{RKAD "Booker"

— b
l READ "Instrument"]

[

(READ "Wearher mndmons"]

‘ READ observation points name

.

{ KEAD station point name ]

IPEAD CL, CR readings
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F.5 PRINT OUT OF THE "THEQ" COMPUTER PROGRAM

l‘x tORE-STYORE “THEO®

@ REM

g REM

[} R o 55 0 O 3 D A A 1
58 REM

L REM FROGRAM TO REDULUE THE THEDDOL ITE OBSERVATIONS

ki HEM THIS COMPUTER FPROGRAM WAS BEEN COMPLLED

e REM Ey

I8 g

189 REM AMEXAHDER  SLEAMIS

118 REM

1T REM

108 REM MGe iEng! UNTVERSTITY OF THE Wl TWATERSRAND

140 REM

158 M0 0 0 08 50 20 A
168 REM

1T REM

199 UM Tall (4,530 Mesl (3,58 A 04,70

< ive CIM Telrid, 5@ Mesr (4,50) dr.r (3,580

ks 00 DIM D1 4,%0) Crid %@ 018 %8 Urt 14,%8)

210 DM Maid, 50 Mot (4,58

220 DM Davsl2%1 Obser ver $I251  Booker $00%)  Instrusent 5 05]  Weather #1205])

TR DIM St pointel @) NIEL146) Nes{1s)

wea DIM MR LA B4, 5 AR Mesarc (0 Fedeo (4, 50)

Fa DIM Firmean (50, Ro i 500, G050 RIS JEWI® U5 QfaiS8) Fia(B0) (E4m i@
i 268 DIM Naris® (S8 [A] Nodex 8 (BRI 18] Foint _famef (38 1181 ,Vi4, 58 V1 (299)

X 7O DIM U8 A8, UM F LB

88 DIM o lp %) Frp %) (Fle (5@ (Fre @)

Pyl INTEGER J

e PRINTER 18 1

319 Haus D= HPR2SAL, TRB B
iy ] Muum LSy HPEBDSQL TR,
11 Rgvine i, Juy"

342 BRINY OMMECITE

I8 OUTPUT 2tk

he PRINT UBING 178

178 IMAGE D78, -
309 FRINT TABLT) jCHRS (13153 "FROGRAN TO REDUCE THE THEODOLITE OBSERVATIONS™
3% PRINT CHRS (128)

“we PRINT UBING 410

L31-] ImAGE ax, - -

20 PRINT UGING 422

430 IMAGE /7, 18X, THIS COMPUTER PROGRAM HAG BEEN COMPILED®
(L] PRINT USING A%

e IMABE b, " BY",/

P PRINT TAR(Z1) jUMRAS 20 3 ALEXANGER ALBANIS <
“re PRINT CHES (1287

“on FRINT UBING 490

499 IHMAGE 7 16X, "Mbe (Enygy ~ UMIVERBITY OF THE WilTWATERSARAND
T . FRINT USING D10

B18 WHTHAGE /  4X," It has bewn tested on a SP-9814 mint conputer™,/,4
X, Usirg & HP-9121 Jouble disk drive”

320 PRINT USING 310

330 IMAGE /,.8X. " L e

348 DISP "Prews rCONTIMLL - to cantioue')

e PAUSE

L QUTPUT 25°K™)

are PRINT UBING D80

. IMAGE 19/ ,4X," This computer program 38 running with BASBIC 2,0%,7,4X
o Pravided that thers is enough sesory, 1t aleo”
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e FRINY USING 600 ‘
L™ IMAGE 4%, Fung with BASIC 2.0 & BASIC D) with EXTENS[ONS

(31 DIGF “Fress <CONTINUE @ to continue

ale EAUSE

3.0 QUTPUT Ik

64@  FRINT USING &%

31 ITMAGE 97120, "Insert the data g1si an the right gdaisk grive (7OP.1)°

s&@ FRINT LBING 678

678 IMAGE %X, heep youc dusd with the peogsem sn the tett dink orive VR,
AEESREE Frese < CONTINUE  to continue’

HEQ MOSS STURAGE 16 Meus 1§

&9 FAUST

e DHITEUT Ty 7y

@ eE e .. N e e e e e
LI N -
RS ] REM

TR PRIMT UBING TR

hYy TRGAGE D0, ), % o orom s o e 010 06 2 S R O Al W 0 5 e

6P FEINY USING 7@

TR IMAGE &%, " There are FOUR checis an this progrsm, an order to elisinate”,/,

HX,"error s durimy data-oreading from the data sheet. However, it"
780 FRINT USING 799
98 IMAGE 6X,"38 the user y rosponeibility to warsanty, that the R.D poant®,/,
BY, " 15 ALWAYS 50 the Beginning and at the end 5Ff pach round,t, F 7
800 FRINT USTNG 810
81 IMAGE &)X, "CHECK 13 The length of all entries, must be according to the" ./,
%K, Tepecified valie.
8o FRINT UIING B
/iy IMAGE &K, "CHECK 2 Every obees  tiun reading sust be lewss than Js@ deg. "
weR PRINT USING 850
ase THMAGE &YX, "CMECK Tr The diéerrence (UL-CR!D - 1B@ degrees » or - o) & 18°,/7, ¥
1%, 7k wpecified error i sEconds (e a. 10 secr.
862 PRINT USING 870
BY®  IMAGE SX,CHECK 41 A subseguant obssrvetion entry must alwdyvs increase”,/,
155, "an trendolite turns clockwise, "
BBEY FRINT (SING B99

a9¢ IMAGE 64, wenxsrcasswrnpresse e - L
MR DISE CI¢ you have read the notice, press <CONTINUE *5
®10  PAUSE
220 QUTPUT 23k
32 REM- e o e 0
940 REM
88 REM
"o TR M o 50 O O K o w e
978 REM CHEATE A MEW DATA FILE, IN CASE THERE IS NONE 3 ASSIGN PATM
a2 T T S
vy
e
1818 DUTFUT Dyorey
F 1828 FRINT UBING 1070
1030 IMAGE &X,"Thes Day, Date, Time variablos, most be .nserted according to®,/

WBX, e following exanple jiated below, Fer~r . ily, the Days must”

1040 RN INT USING 1850

18%2  IMAGE X, "be pranted veing one lettaer woactly 38 1t 18 shown belowy the' .,/
VbX,Date must oogupy two Wigites and the bime four digits (two for™

186 PRINT USING 1070

1878 IMAGE 6X,"the hour and two for the mioutes, NOTE '0 You must write down”, /
HX Uthese information on o wheet, and whenEsr YU Want o use”

1088 PRINT USING 1899

1890 IMAGE 6X,"these specific data you have to 1nfore the computer by typing™,/
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vEX ., the particular Day, Date, Time written already on Lhe sheet .
T1Q@ FRINT USING 1119

111 IMAGE 1T, Day DATE TIME”

1108 PRINT uSTNG 1170

HT@ IMAGE 10X, “Monday - M AR 1 Toh 0w ow $URDN 1D,
CTuewday - T P e B9 G Bim o= @941

1148 PRINT USING t1%@

11%@  IMABE 10X "wWednesday »* W B w3y 200 dmou TRRAT 4 10K,
TThur stay = M 7oy oh o Heow ATRE”

1168 FRINT USING 1178

LI IMAGE 10X, CFriday = F 1% e gy SRR TRMom DUBY L 1TN,
"Saturcay S M M I7h 4%m = {rans

IR FRINT UBING 1199 .

1199 IMAGE 10K, "Sunday - U iow o9y . 0dm = AAGY"

1208 DISE “Print Day.Date,line (.. H,86,121% "

1218 (NFUT Day ¥ Hmer 8, 0r %

150@ FileteDay 6hriner S50r af

J2T8 Filewls«Fileshi”

1248 FilelseFiledtl”

PTHE FllelseF lesk D"

1258 FiiedesFilataa’

. “ 1378 FiletsoFilestne

1208 Fileas»Filesi s

1 Ree HCRE LOERY L 1 AR

1382 i leBssF ) lesuiE”

1318 Frle?ssFile#h 9"

i3z ON TRROR GOTO 1340

133Q CREATE BOAY Filels, J@@,.12 o Naria® - D00 ravorde

’ 38R OFF ERROR

13%8  ASSIue #Emp T Fileis

1368 ON ERROR GOTO 1380

137Q CHEATE BDAY ¥, lels,708,10 C o Ndex$ - IO records

1380 FF ERROR

1I9R ASBION ®ep 12 TO Fiiels

ABQ  ON ERROR BOYD 140@

14160 CREATE BDAY Filels,{ 16 Podronum, Arcpoints - 1 scord

1408 OFF ERROR

1423 AESION Pathn 10 Fileld
1443  OM ERROR GOTO 1460
14%8  CHEATE BDAT Fileds .8
1460 (OFF ERROR

L 1479  AS31GN #0dos TO Fileds
1480 ON ERROR GOTO 1309

14%@ CREATE BOAT #11e28,30,14
580 OFF ERROR

1519 ABSIGN @at TO File%d
1928 ON ERROR GOYD 1590

1SN0 CREATE BDAT F.less.1,i4 Statioe noint name - | record

1540 DFF ERKOR :
T 1U%@  AEGIUN Wle TO Flless .

' General anformation - 8 records

Ooservetion poisl names - 53 rewcords

1560 ON ERROR GOTO %80

1576 (REATE BDAT File?#,1.4
138, SOFF ERROR

1998 AGRIGH MMkpibers TO File?s
@ ON ENFOR 30TO 1ers

16998 CREATE DDAT Filebis 209,8 ' Dbservational resicuals - 208 records
! 1o OFF ERROR

1638 ASSIGN Whes 10 Fileds

1648 ON ERFOR GOTO 1668

1638 CREATE BDAT Fila%e,) .8 o Nustier of obe. reidusis - ) record

Reguired accurscy ~ t record

ST
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1668 (FF ERROR
1678 ASEIGN &Top 10 File9s

1688 REM--o— oo e
1698 REM
1700 DEM

1718 FEMemso s e ok oS e ums e w505 s

(720 REM CLEAMING  THE 50 Al
P73 OREM ... (.
1748
1758

1768 CUTPUT 2Ry
1278 DISP “Will vou owe PRINTER 4 SUREEN (sFS
1788 (NFUT Ouestiant

179@  OUTPUY 2y ety

180Q  IF Cuestiondll,21s FS" THEN

1818 Forey

182@  ELSE

1axe IF Suestican®{1, 1= 9" THEN
1948 Frir w

1850 G070 1970

1860 ELBE

1879 BOTO 1778

188 END IF

189 END IF

190@ DISP "Praint Prainter s addruss [e.g. 781
1B INPUT Pr

1922 ASSIGN WPy 1O Sr

L

»

o oonly BUREEN (28 g

etc. 1"y

1933 DISP Do you want to insert new (N or view the 51g general

1948 INPUT Decision$
1938 IF Dmcision$(l, ) e N THEN
1960 30Y0 e

1970 ELSE

1980 IF Decision$ll, I« 0" THEN
199 B0TO Ispd

2009 ELSE

810 BOTO 1938

T END IF

2938 END IF

ID42  DISP "How many Treodolite arcs have you measurad Ty

2070 IMPUT Arcoum

2068 DISP "Mow many diféerent points per arc
W79 INPUT Arcpoints

2800 OUTPUT WFath,liArcnum, Arcpoints

%

FREVILUS ENTRIES

information (O

2070 DISP “Print the sax sustained erroc between (L & CR readings 1n seconds®y

2180 INPUT Hn
311D OUTPUY @Akpibes s, l:itn
2128 IF Revinés{l, 1le"v" THEN

Pt ] DISP "Do you want tao change the date (v/N) 20y
2142 INPUY Chdates

21%¢ IF Choates{, f1eny" TH'N
2180 [OTO 2278

21 7%~ ELSE

2iae IF Chaate${} 11w N" THWEN
U aoro 2lee

200 ELSE

2218 6OTO 2138

2 END IF

230 v 1F

2248 ELOF

Appendix F. "THEO" COMPUTER PROGRAM

e .|

o &

273

3 ER. -




BOYQ 227
END 1F
DISP "What 1w the date 7 (e.g9, [t May 195710
[NPUT Dats
X{=LEN(Dats)
IF (1028 THEM
BEEF
DISP “The date nane eicseds 28 chess Press © CONTINUE
FAuGE
CUTPUT 23wy
GOYO 20Te
2353 END IF
2370 CUTPUT #0dos, 1iDaty
23IBRIF Rwvind N0 1 letye THEN

Yotr, againt

2Iwe DISP “Do viou want to change the obeerver s came (Y/N3 79y
2400 INPUT Chobae$

410 {F Chobee$l), LIw"y" THEN
2422 SOTC %I

247Q ELSE

2440 IF Chobasef(1, 13 "N" THEN
2458 GOTO 2648

T4 ELSE

247@ BOTD IT9Q

2480 END IF

FLis ] END IF

JLRd ELBE

2418 BOTO 2%Xe

DBIG END IF

2513 DISP "Who ie the otserver ” [in total 2@ charactersi:

348 INPUT Cbwervers

IR AIELEN(Ohsmr ver )

2850 IF AT THEN

230 BEEP

I8 DISP “The obeserver s name exceeds I8 chrs: Press <CONTINUE® & trv again”

2599 PAUSE

TR DUTPUT 2wy

518 BOTD 283

262 ENMD IF

2638 OUTPUT #0dos,2;0bserver ¥

264¢  1F Revird${1,1]="Y" THEN
2072 DISP "Do vou want to change the booksr s name (Y/N) ™7
2648 INPUT Chiiook

2870 IF Chboaksll,11="Y" THER

2689 8070 2798

2698 FLSE

780 IF Crhoook 801, 1 1= N" THEN

27e a0TO 2928

Fe ELSE

2738 BOTO 2s%0

2740 END F

27% . END IF

2768 OPLSE

2772 8oTo 279@

2780 END 1IF

2798 DISP "Who is tha <wr T o lin total 00 characters)”;
2808  INPUT Bockers

2010 x3=LEN(Booker$)

W28 IF 13I>28 THEN

2638 BEEP
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2840 DISP "The booker 8 name exceeds 20 chirs: Fress CONTINUE & try agein®y
2658 PAUSE

2169 OUTPUT 23 ¥

2970 BOTO 2798

2088 END IF

JE9E OUTPUT 80dow, T Booker$

98B IF Revind$(1,13w0 Ve THEN

2910 DISP “Do vou want to change the type of theodolite (YoM ¥
929 INPUT Chithect

2938 IF Chibeodli i y" THEN
2949 GOTO A%

29%0 ELSE

W 1F Cntheo®{ 1= N" THEN
2978 GOTE %169

296 ELSE

2999 GOTo 2918

TR0R END IF

e END IF

3B ELBE

870 BOTO %A

TRAR®  END IF

3852 DISP “wWhat is the tvpe uf the Theodolite (20 charsctersly

T@ad  INPUT Instruments

3878  XA=LEN{Inmtruments$y

OB IF x4X20 THEN

@99 BEEP

3100 DISF “The inetrument name exceeds 20 chrs: Press ~CONTINUES & trv again®

231 FAUSE
31 OUTPUT 23 7¥73
2ite BOTO Toue
. 3149 END IF
31%8 QUTPUT #0dos,4: lnstruments
316€ IF Revinds{i,1I= %" THEN

g sive DISP “Do you want to change the weather conditions (Y M) 77y
3182 INPUT Chuhots
. 3190 IF Chwhet#01,1)="Y" THEN
1200 BOTC 32i0
e ELSE
3220 1F Chetiet 01,1 1="N" THEN
32 BOTO T42@
1242 ELBE
Izne BOTO 317
3262 END IF
e END IF
349¢  ELBE

3I9@ BOTD 3319
230@ END IF
3310 DIYP “Doscription of weather conditions (29 char.1°;
1328 INPUT Weatnery
- 3338 AY=LEN (Weather$)
3348 @iF XSO0 THEN
338 BEEP
3360 DISP "The description of westher exceeds 28 thrs: Prews (CONTINUE> & trv
sQain”y
3378 PAUSE
3380 DUTPUT 24 “K~,
3390 BATOQ 331
3488 END IF
3418 OUTPUT @Udos,SiWeathert
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e

ther
Jsve
3703 GFRINT USIN’G FGIBrDay s Hner &, Orat

3910

OUYTFUT $Odow, s:Deve

QUTEUT Bdos, Tirmer §

QUTPUT aCdas ., B Or af

BE Mmoo e e e e . P P —
g

FEM

) P R i R 0 D a2 5 S
R ™ ERTER OLD ENTROES PR THE GENERGL IWFURMATION & PRINTOUT

REM L s P T P

ENTER #0don. tiDats

ENTER #0008, J10bser car §
ENMTER #Ucos, 7 Fooker §
ERTER B0dow, 41 Instrument §
EMTER #000e,SiWeatheey
ENTER #0dos . bilavs

ENTER #0dos, 7 Hmer §

ENTER #0000, 8:0rad

FRINT UBING Jeld

IMaGE L L N e S L R LTI I T

IF Porsl THEN DUTPUT @Pry USING D620

FEINT UBING 3658

IMAGE REDUCTION OF THEUDOL ITE OBBERVATIONS™
IF Pare] THEN OUTPUT @Frt UBING 1590

FRINT USING To8d
ImAGE - D Ty e L Ty

IF Prow) THEN OUTPUT #Frt UBIN!'J 1680

BRE P i o 0 % L a2 e i
REM

REM

R M 0w 5 R O

REM PRINT, REVISE END REFRINT GENERAL INFORMATION

FEM L e e e e

PRINT USING 1799

IMSGE /o0, GENERAL  TRFORMAT DN

IF Prrs] THEN DUTPUT #Prt USING 2790

PRINT UBING T829

(mang B T

IF Prrep THEN DUTREUT #Prt UBING 3820

PRINT UBING S50 Dats, Instrumentd

{MAGE "Date £TL2N, 284, 5, " Instrunent 1" 2%, 200
IF Porey THER QUTPUT #Prt USING JUQiDats, [rst-ument$

PRINT USIiNG 1088 Obser vor s, Focker § Weathers

IMAGE “Obser ver PO RN DBAL, TBacker PTLOXLI8A, S Wea
Conditions 1", 2(, 204

IF Prrwl THEN QUTPUT @Frt USING 386 Obser ver § Booker s Weather 3

1MAGE /7, Conte nurbers o create/have sccess to these data: " A%, " . 3A,

T AR,/ e Thae mutnut of all the observations it 111 degress, minutes, seconds®

I9IV IF Prrwl THEN OQUTPUT @Prt USING 29105 Day® Hner 5. Oras

393 TIBP "Do you want to reviss any entry (Y/N) P°g

3748 [HPUY Reviné#

3958 IF Revint®01,1]="N" THEN

3966 GOTD 4B49

3778 ELSK
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OQUTPUY 80dow.b:Davs
DUTEYY #dos, TMmer §
CQUTPUT &Cdns ., 8:0ral

REM = oo e e e e P -
KEM

HEM

FRE B w0 ¢ S 1 5 9 0 T R 0 0 0 R g 0 R 0 R
REM ENTER ULD ENTRIES FOR THE GENERAL INFORMATION & FRINTOUT

REM (..o, IR . e . ey B I

EMYTER ®0dow.1:Dat#

EMTER 800w, 2ibser ver§

ENTER #Ocos, X Bocker$

ENTER #0000 .43 Instruments

ENTER #Udos . S wWeatrery

ENTER a0dos, &;Davy

ENTER #0dos, " iHoer$

ENTER #0dos ,8;0ras

PRINT USING el

1MAGE ° R Ty T T R Y T TP TP TP PP PP

TE Prrw) THEN DUTAUT @Prt UBING T620

“RINT USING 3608

IMAGE - REDUCTION OF THEQDOL ITE OBSERVATIONS™
IF Prrw) THEN QUTPUT #Prt USING 2o%Q

PRI T USING 1480

IMAGE L T R L LR TR PR SV PP

1808
3819
w|re
laze
1848
38%6
pTY
878
pe:le

REN
R P o 5 08 e,
HEM PRINT, REVISE END REFRINT GENERAL INFORMATION

L3 O
'

PRINY USING 3798

IMABE 7/ /" GENERAL INFORMATION"

IF Prrwl THEN OUTPUT #Prt USING 1790

FPRINT UBING 3029

IMAGE * B el L L L T

IF Prew) THEN QUTRUT @Prt USING 3820

PRINY USING TES@:Dats, Instruments

IMAGE “Date PO, 286, 1%, " Ingty ument 0L 2X, 200

1F Pare) THEN DUTPUT 8Pt USING 383@;Dats, Instruments

PRINT USIMG I883:Observer$, Booker$ Weathers

IMAGE "Obswr ver TUL2X L 20A, / Booker PTLANLDBAL S UWas

ther Conditions 1°,27, 284

1899

IF Priew) THEN QUTPUT @Fct UGING 1668;Dbwer ver §,.Booker § ,Weather d

3900 GFRIMT USING 3718108y s Hrer §,0Or 4t

3910

IMAGE /7."¢ Code numbers to create/have access to these data: “,A,%,". .34,

“L"L.8A,/,"ee The output 0f all the observations is in degrees, minutes, seconds”

3I92@ IF Prr=y THEN OQUTPUY #Prt USING 3910yDays Hmer$,0ras

398 DISP “Do you want to revise any entry (Y/N) 2vy

3948 INPUT Reviné)d

39%@  IF Revinés{l,11="N" THEN

3968 GGTO 4040

IT7e £L8K
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pre s S

I8 IF Reviné$(],11="y" THEN

1599 GUTa 2109
P £l SE

4912 GOTO TeTe
L1 -1 END IF
ABIB  END 1S

4Ray  DUTPUT D3 E

WPTQ DISP Do vou want o insert sew INY or slew the old deta [0) 70y
AB6E  INFUT Decdatal

4873 IF Decdatasil 11«00 THEN

4360 GOTO &218

Agvd ELSE

$1e3 W Decgate$il.11» "N THEN
4110 IF Decision®ll, i)x N7 THEN
4108 QUYBUT Jgve 'y

4178 GOTO 479

4148 ELSE

L3313 GOYO 4la0

4168 END IF

4170 ELSE

4158 GOTO 4938

4199 END IF

4230 END ¥

A1 BEM - s e
4228

ate

4249 OUTPUT 237K~y

475 DISP “"Mow many Thecdolite arcs have vou messured
4268  INPUT Arcrnum

4279 S19P "How many different points per arc Uy
4288  INPUT Arcpoints

42598 DUTRUY SPathiAronum,repoints

4308 DISP “Print the aar sustained error betwseen CL % OR readings 1 seconds™;
A3 INPUT Nn

4320 OUTPUT SAkpibeiaihn

A3 DISP "Print station poist (up to 3 char eg. Mid; the first letter alph.)<;
4349 INPUT St _points

435 YIWLENISt point®)

436@ IF Y333 THEN

4378 DEEP

ASB0 DIGP “Your station nasve sxceeds 3 chra; Press (CONTS & try again®y
43598 PaUSE

40l QUTPUT 2y kv

“41Q BOYO 4339

44 END IF

4439 OUTPUT @PlmiBt points

A440  FOR et TO Arcpoints

(234 DIBP “Praint the name of obs poant no 1,7 up to I charac.ers, eg., MILYY
]

LLEY ) INPUT Point names$tl;

5478 YARLENPos nt _named (1))

“4GR_[F YASY THEN

™ peEp

4580 DISP *Your obs point name sxcesds 3 chrs; Press  CONT> & try again®;
%18 PAISE

4338 QUTPUT ) 7K™y

e GaTo 44%@

A34C END IF
aune OUTPUT 80az , 1jPoint namesil)
A%ME  MEXT |
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4578 CONTROL #Car, TiArcpeintesl

ARGY REM oo e . SR
anay  sEM
AuBilt FEM
AB LD E M oo b o e O R A R S 0 0 00 T R
4670 REM INGERT NEW DATA & STORE THEM [N THE DATA FILE
4839 FEM ... a . i .
4na
soma -
420 FOR [al 1O Arcoum .
w70 Kt I
589 Flpikp)=g
Eres Frping el
L FOR Lisl 10 Arepointsel
4718 weil-frecdeopuinteriiely
ar0@ '
478 GUSUB Upode:gea
LRET ] :
4rne IF T Arcpointerl THEM
474D DIGP "Prant circle LEFY reeding for point osa. "1™ of are no. 31y
B 47 EL8E
. L3s:1] DISE Frayot circie LEFT roathng for RO (Ond tised of arc no. "1l
47%a ENDOTF
600 TREUT NES
Agta YIm EMINT 81
L] 1F v1- @ THEN
4533 TRITPUT 2y k™
P 4949 FEEP
8 TIRF Cvou have entered & oo, with igites o 8B or - 8, Press CONT & tr
v againTy
8 FALSE
4872 QUIFUT 23Ky
4080 PRINT S (NG 500Q
489 N
4908 GOBUR upodei gse
. 4919 '
] LR GUTG 478
4420 ENG 1F
4943 MNarsusi®) =Nl #
aeny IF I Arcpointesl THEN
A% D19P “Frint circle RIGHT reading for posnt no. “1113" of are no. "3l
'
A7 ELBE
A9ES CIGBP "Print circia RIGHT reading for RO (2nd time) of arc no, "3l
4 END [F
2009 INPUT Mr s i
50190 FImLEN(NE S
se2a IF Y278 THEN
QUTPUT ey
BEED H

DISF “You have entersd & 1o, with digits B oor > #B, Fress CONT L tr 4

PRUSE
DUTPUT 2§ 7K™y

078 GOHUR Upadeigma

siee '

S1i2 BOTY AvNe

S12e END 0¥

3138 Mawx$ (K) wNr
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AS7T@  CONTROL #0az,7iArcpointuel
AP REM-es e B R e -
4%9p  wEmM
A5BD  FES
AE LD FE M 0 0 0 0 0 0 L L B S W
AsIB REM INGERT NEW DATA & STORE THEN IN THE DATA $1LE
ABZ@ REM L i PN O
asay
L33
4468 FOR 1ot TO i onum
467¢ Hpwy
46 Flpivping
46%0 Frp g »d
4790 FOR Ty=1 70 drcposate+l
[EIT] Wwiloliwihroposatesii sl
e '
AT GUSLUE Upodes gea
a4 :
4758 F o Lichrepointeel THEN
ared DIGPE “Print circle LEFT reading for point no. “tli1® of arc ne. 13
o arze ELSE
- ATEe DGR "Rearnt ci-cle LEFT resding for RO (Ond Limes of arce no. " l;
| 4750 ENDIF
. Agpd INPUT NI 8
N apia YimLEN IN] 8t
4822 1F ¥ 8 TuEN
4832 DUITEUY Jrox™y
¥ s HEEP
ane DISP “¥You hawe entered a no. with digits « 8 or » #. Press CONT & tr
' vy again’y
486D POUSE
T CQUTRFUT 27wy
4B PRINT USTNG %00¢
A9 '
SRR GUBLE Upode: gme
@
4R OO 4759
9@ END 15
a%42 Nariss oK) N1
4959 IF fiArcpointast THEN
4950 DISF "Print virclie RIGHT reading for point no, “i1li3" of arc no. "t
'
Ay ELSE
4960 DIBE “Frint circle RIGHT reading for RO (Ind time) of arc rmo. *3ly
vy END P
3000 1 PUY Ne s
010 YIWLEN (Nr 8}
SRd 1F Y38 THEN [
EE) QUTPUT oKy {
e BEEP
. 5050 DISF "You have wntered & no. with digits - 8 or v 8, Press CONT & tr ]
y again”y
bl PAUSE
e OUTPUT 2"y
3080 '
e BOBUB Upodeigma
108 N
a0 BOTD 4978
S128 £N8D IF
3 Naex$iK) whrs
x
x
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LR T ] Twil (I, Tireval (NI #T&,B)

%1%@ feld el Tao»Yeil el by 1@
1@ Mual 0], by eunL oME L, 500
"17e Arel 3, Do =val (NLSTE, T
iea Clhel,TareTel i (0, T vMasl (1, i ea@efrs) tf, 1) #3508
%199 Taler il 15 VAl (Nrels, 81}
HUed Telril,liteYelertd 11y 74@
5218 Mosr (1, 15 oWAL (Ne $04,%1)
e Arsr ], Dy w B thir gD, S
BT Cotl TriaTolr el Do otmer (1, 1 i #alelr rif, 1) 7480
B24Q Hiwled
52U Gl LR
o 1 gl Gl
k- Fad ] REM
s REW
299 FE M oo e I T T e
B 5T
=319 N
o s10e TF LT, 0 Gg OR Dr ol 11 Gy THEM
s31ra QUYPUT 2p K7
. 5148 BEEP
: 2350 DIGP IR READIMG EXCEEDY To@ (G ' Try agein - Press SCONTINUES to
contiruey
BIe@ O/ISE
3179 QUTPUT 2y a0y
3188 BOTY 4738
v 4368 END IF k
e Py FHE M o e ot e e o 7 e 2 2 e s
k231 ] '
3420
' 343 Diaforasa®B Ol (1, i -Or c1 B4
440 Miw160
S4B MIaTH@R
460 EAELIE L
b2 4 FOABS (Dt afor a~M3) N THEN
- %483 DUTPUT 23Ry
k-1 il PRINT USING 551811 .1
2BOB BEEP
31 ) IMADE &7, THE DIFFERENCE BETWEEN CL. 4 TR READINGS IN POINT * 2D,*
OF THE ARC NO. 2D
399 PRINT ING 3030 Nn
3808 1MAGE " 18 OREATER THAN * ID.“ SEC '
3540 PRINT USING B5%8
IMAGE 77 ,"Do vou wan® ) contioum the insertion of the data or to re
visw this entry *7° s
560 DISP “Print ‘L) to ¢l v or ‘K> to revise. ‘s t
3878 INPUT Paos
kil IF PaosTl, 1= R" THEN
800 QUTPUT 237k )
o aotTo Avle
" B1d ELSE
8628 . 1P Paulil 1= 0" THEN
se3e™ GUTPUT &y "%y
B4 #BOTO B0
151 ELSE
Besd GO S4B0
Sa7€ END ¥
3660 END P
3498 €END IF
a708 PP o s e 1 X a1t i e i o
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LESY J

g g '
57 Fletkg: =0l ef b 2l )
s740 Fretprelr (3 v Cral 13
251 ] IF Fle. pi@ aND Yy 1 THEN
5768 Fleirp «f e p) slig
LR END (F
H79@ 1F Froop) @ AND 1yt THEN
Frerprefreap) sy
END 1F

¥rytleFleikp) ~Flp kg
wrytesFrw ) cFrptep
#oTiwl THEN
Fpuehasy
Elpirptalipikp-1)
Frpkp)afredg-it
GOTO 4760
END IF
IF Liedrepointsrl THEN
BOTO &6
END ¥
FoKrit] @ AND krivr @ THEN
Rgpmbg e |
Flop) «Flaikp-i)
FrohpleFreihg-1)
ELEE
CJTPUT 2y o6ty
BrEP
FRINT UBING 400Q
IMAGE 4/, 117, "WARNING  EAROR HAB OCCURED AS vOUR ENTRY 13 NOT [N OR
SVLEELCTA subseguent entry must alwaye increass an the theodolite”
PRINT UBING Q0
IMAGE 138, rotates o ockwise’ s/
PRINT UBING 604057111
48 IMAGE "TRY TO RE-INSERT THE CORRECT valUES STARTING AGAIN FROM POINT
* DO, OF ARC NGO, C,DD, /290, OR STOP THE RUN, ©
LO58 DISP “Print <8 to stop the run or R1: to re-incert the correct val

ey

6068 INPUT Lathas_seiras

4879 IF Lathos_seirasll, (178" THEN

HBO8 QUYPUT 23 7K™y

L i HEEFP

19 PHINT UBING 6110

aliy IMAGE “THE RUN HAS BEEN DELIBERATELY STOPPED DUE TO WRONG .- . iES.
A HORIZ, ANOLE WITH VALUE LESS THAN THAT OF "HE FEVIOUS ENTRY HAS BEEN"

s8I0 PRINT USING s1385 11 ,1,103 -1

o130 IMAGE “INSEXTED IN POINT = 0D, OF apd WO, ", DD.° . UMECK ALSO POI

NT DD, OF THE SAME ARC. ™

aide BOTO 12200

5158 ELEE

1F Lathos seirabl] D)1= R1“ TH N
DUTPUT 25w,

Kpmrp-i
frmigy
BOYO 4710
8210 ELSK
8220 GOTO B978
6238 END IF
s240 END IF
25 END 1P
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e

L-X8Y )

L

572 Fletkpy=Uy i1, i) Cidl, 1y

sTAR Frepr=Cr (1,04 0 i, 1

b E4- ) TF Fletkp)o@ AND Is ) THEN

5768 Flekp) =F e kp) +lig

LYRL END [F

BT 1F Frotkp) @ AND i1 THEN

w9 Fraikp)sfreg) sGg

600 END {F

sH1e Fraitl «Fletkp) ~Flip (K

“aze KratreFreibp) ~Frprp

bl B I lymi THEN

b1:2 1) kg

“goe Filpikp)aFlagikp-1{1

Hed Frpikp)=Fretiget)

878 GOTD 5I60

“ouR END {F

bl ¥ fsedrgpointsel THEN

LT Gar0 sle@

1R END 1F

A0 IF Kritl @ AND Kritr @ THEN

3958 kp=rpey

s9aQ Fipikp)aflaikp-i)

L95Q Frptkp) wlreip-1)

Ve ELSE

Bere OUTPYUT 259%™

3499 BEEP

199 FRINT UBING 4200

LN IMAGE 47,110, "WARNING ' ERROR MAR DCCURED AS YOUR ENTRY 18 NOV IN O#R
DER®, ,11X,"R subsequent entry must always increass 4s the theodoliite”
e PRINT LIBING &C @

LT IMAGE 13X, rotates clackwise®,//

L8330 PRINT UBING 6048;11-1,1

@40 IMAGE “TRY TO RE-INGERT THE CORRECT vaLUES STORTING AGATW FROM POINT
LU0, OF ARC NO. DD,/ 29X, 0 OR STOP THE RUN.

LBBH DISP “Print 8 to stop the run or < Rl: to re-insest the correct val

uwy

4868 INPUT Lathos seiras

ad7e IF Lathos seira¥{], 138" THEN

L i d QUTPUT Zpvx*

sa90 BEER

s100 PRINY UBING 8110

si10 IMAGE “THE RUN MAS BEEN DELIBERATELY $10PPED DUE TO WRONG ENTRIES.
A HORIZ, ANGLE WITH VALUE LEGS THAN THAT OF THE PRFVIOUS ENTRY HAS BEEN"
st2e PRINT USINDG 6138113, ,11-1

a0 IMAGE U INGERTED IN POINT © DD, " OF ARC NO, *,DD," , (UHECK ALSO POI

Nt DD, UF THE SAME ARG, “

»ies GOTO 1220

6% ELSE

(3% 1F Lathos seiradll Ui="RI" THEN

s178 g, GUTPUT g7y

6188 Kpwkp- i

“ive Tymif~t

b208 GOTO 4710

o218 ELSE

»220 aOTe B

L¥2. END {F

4240 END IF

~29 END IF
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(S e ?‘ r

SE58 CRITPAT Gelmg ki Har i s® k)
LY ad ] OUTPUS WEmp 12, v MNdex s (K}
' I GUTPUT 21 %y
Rrad] HEXT [y
L3380 MEXT I
H31@  RFM- e . . - . S
L2 i
s158

BA4B ENTER #Pth, LiACrnoe Arcpatats
HING ENTEAR ®Mkpibeta,i:in
BB Bynwlronum® Arcpointss §)
8I7Q CONTROL #ap, "18ynsd
HE@ CONTROL dEep 17,7180y

HATR REM- e o o B T T
LABE  KEM

s418  FEM

ST IR et 00 0 R 050

H478  REM ENTER  GLl DATA  FROM  DATH  FILFE

H4A  FEM ... e e e e

HANS

b4 N

& OM END @Esp GOTO %I

HABE FUR o1 1O %90 i
LA ENTER #Eap ¥ iNar (u¥ (K]

A%PQ NEXRT %

4818 Synee-i

4830 ON END #Emp 12 GOTO o558
658 FOM el YO SR

- EMTER ®Eap 10, v 1Nodea ¥ (KD ,
B%E  NEXT «

4860 Syne=w-|

A%7@  ENTER #FIm. 115t points

SB68 UM END #Qar GOTO 6209

6398 FOR Jwi 1O w00

S4B ENTER ®0az. JiPaint names (]

s61W NEXT J

#4628 Aropointeed-

638 REM

BEAR  FE Moo oot s e 4 o e S 10 8 1
LoD REM

bbsl  FEM

84670 RES Rl

88 FEM BRINT  DATA FROM (LD DATA  ¥FILE

F T 1. T
s700

LY St B

728 FRINT UBING 6738

B710 IMAGE 5/, e eeesenuressnanseensneeuteauri T e OB RN NN OO NIRRT Ea N

sssesnvasensene I/

ii 8748 [P Prarsl YHEN DUTPUY #Frt URIND 6730
! 6798 PRINT USING 6762
: 8768 JIPAOE IBX, TECHO™ 7, TH, " wewa”

L7719 'f‘ Frirwi THEN DUTPUT #Frt UBING 6760

6768 FUR I»1 TO Arcnue

»799 PRINY UGING aB0% !

B0 IMBGE /77 30X PARGC KO, 7,20,/ 32, Ceeseennnmann®

oo IF Parst THEN OUTPUT 8Prt UBIIND 4808 1

s838 FRINT USING o830

L. IMAGE "Moo 5K, 00 point” S5, C0be pointt 12X 0L LAY UURT 12X, THEANY
“hae IF Prrst THEN DUTPUT @Frs LDBING 4838
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L9523 PRINT USING 4868

2840 TMABE  fom o e e e e 1o, IEEN L1 -
87 IF Bnrel THEN GUTPUT @8-ty USING 886

HBES FU frey T dropountest

6a9Q NISeNarishi(i-1'sircpmintestt sl

SRR R Rt T S R T T AT LR RS SN}

6913 Tellol, 1) evaL (Misis 81

59TQ Tellil, 1iaYell 1, i1 1@

aeTa Mest (1, [0 VAL NI BEA, )

HI4D Ar el 0, s mURL NI DT, XY

A4 Chel hyveTel il fuivMesl (F, Tu s ea@enr<i o], 1) #7600
5958 Telr oD Tiowunl ke K08 81

65979 celr il ol eTele T, e

98¢ Fawe (1,1 RVAL R 804,50

Ll Grar (1, Dy wUAL e KTT, T 0

N Crcl iy imTelr o1 Ty eMewr (1, [0 ea@efe vl 11 @ 0@
i T G0

@I g SHB@

réra DufegmDefhd

T4 TF Crat o) Daa THEN

rana LA S SR SRR N R I S R R R I S R - F R
e FLBE

kL 2] Mot il iy Chel v il (1,100 Dadi) /0
ToeY END IF

TR Mogresiemot (1,15 /5608

1IR3 Fractleptasmoires] - INT (Mosresl)

Tiid Ml liimMoirest-Fractiepta

719 LeptaleFractlieptared

718 Fravrdeft=ieptal -INT iLevcal)

rie2 Liloliosieptal-Fractdedt

7158 Tl iy eFractaest ead

Tied TF Bl e o @ INTUS T, [12e1@) ) m. 49 THEN
18 Seg,leimtINT (Sl lirwi@ratr/i@

Tied END 1F

Tiwg waly

00 IF wWwl THEN

FRINT USING 7208w, 8t 5oint® Point names W), Ars] (1, W Mesl (I, W), Tell
Pothesr (1,Wr Telr o] W ML W) L0 O W BT, W
IMAGE UDBX,TA Y, YA 1@X, 3D, XL 27,6, 22 0,5, 30, X, 22,X,22.D, 2%, 3X, 3D,

IF Prrel THEN OUTPUT @Pre USING 72005, 5t_point$,Point names (W) Arxl
Tl w Meei t] wi  Tell i W) Arar (1 Wi Meer (1 WY, Telr (],W T W LW BT W
7240 END IF

e IF WYl AND W<Arcpointesi THEN
1268 PRINT USING 7I7@1%,Po1at nanes (W) Arxl (1, 8) ,Mesl (1. W), Tell ‘1,W, Arse
(RIS A LRI AT T R Y FINL RS BRSNS SR TR TE aN" )

2270 IMAGE 2D, 9%, 13X, 30, 18X, 30,%,22,X,22. 0,5, 30, X, 22, X, 22.0,2X,33,30,X,2
T,x r1.0

1209 IF Prrel THEN DUTPUT @Prt USING 7278:1W.Point nawes (W) Arxl (1,uW) MHesl

T M) TelLCh W A ] M (DL W) Tl (F W) MW LT W) BT W
1T END IF

e IF Wefrcpointes] THEN

T ™ PRINT UBING 73005W. Point names (1) Arxi (1.W) Mesl (7 W) Tell (I, W), ¢ -
G105 Meer D W) Telr (F Wy M0 W) LT, W, 81, W)

7320 TMAGE 2D, 520 9%, 3R, 10X, 2D, X, 22 X, 22.D,5X, 3D, X, 22.X,22.0,7%,3%,30,X,2
T.X,21.0

7 IF Prr=) THEN OUTPUT 8Frt USING 7I20;W.Point name® (1) Arx] (1,W) ,Mesl

338
CL o) YRiE (1, M Arwr (1 0 Meewr (1, W), Talrt1 W) Mol w L0, WY BCT, W
7348 D F

7358 WEXT 14
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7leW  NEXT |
TIR OFRINT UHING TTH
R e DRI .

F o Preal THEN OUTEUT #Prt USING TXEQ

EMe oo e e e o~
Tate REM
FA2@ KEM
FETB EE M s e R R S O 5 0
TAIY  REM FEVISE  DATA
TSR OREM e e e
TAsB
74T
TAGR  DIGP Wil vou revise the st opoc ot anglor the cUs POINTS and or deta (YN
wey

TAER e Fgy i s
PHBR O IF Fecieedli, il NT THEN

b-111 SUTD HYE

CHNe ELSE

reze (F Pavise$ll, 1i="Y" THEN

E2YY) DISE "DE viu want to recise the station paint © (Y/NIg

TN PNFUT R et p¥

7800 1€ B st pSil,lie N THEN

%R GOTO rTNe

IhROs ELEE

Ead T IF R st _peil,1lw"v" THEN

L] ISP “Prist Lhe new nase of the ststion point™y

Tei INFUTY Bt pasntd

TH YRS EN It pointss

LA IF ¥% ) THEN

Tos BEEP

Tand DISP “The station nese esceeds 5 ~hrer opress “CONT  and try ages
ny

ToeR FAUBE

7870 BOYO Tedd

T80 END IF

Te%d OUTEUT #P1e, 118t points

7T euTe Tred

e ELSE

FH HOTO 7848

TS END IF

7742 END ¥

7% pehrcpoints

T DIGF "Will you revise eny nases of obs poinls fup to point no. Yi0ps )
T YNy

e INFUT B ot ¥

7799 IF R _ob _p#01,11="N" THEN

Ve GUTO Be0e

7e0d £1.8€

be 21 5 IF A ob p8{1, 13" THEN

reie DISP “Frint the no. of sotries for the obs points to Je revised™;
rase INPUT No ¢ _ob p

7848 FOR Ttet TO Mo r _ob_p

7859 DISP "CHANGE NO *,Ti,"Printi (i) No point name, (11)point nane (u
P to 3 chresr g

7860 INPUT (] ,Point _names (11}

7876 YoauLEN(Point _name® (1]}

7800 IF Y653 THER

7899 BEEP

108 DISP “The obs point name excteeds 3 chra; press (CONT> and try
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s

agarn’y
TELY EOLIGE
el GOrO Teed
TR LR ENDIF
IRAQ OUTFUT @laz , [1:Point rames il
TN MEXT Tt
7940 ELSE
TS GOTD 7THR
7960 END IF
TGP Ewl 1F
&B0A CISP Do cou want 1o revies any data entries T (Y/NIUy
B INPUT Revdatas
) (F Repuoatad{], 11e N" GRD R et pflf,1le"v" 00 P ot p#1.1Te"Y") THEN
[N ) GOTO 4710
2042 END ¥ »
B2 IF Revaata¥{1, 11a"N" THEN
e GOTO BYER
] £ BE
HREQ IF Rewvdatasit, lley" THEN
Bee JIOTO Flay
Hiee ELSE
a1 GUTD 800
L3 END ¥
813 END LF
d1402 DIGH "How sary entries 30 «Ou want to change T3
81%e INPUT Norsvise
8160 FOR Mnsl TO Norevise
817e '
e8¢ GUSUE Upode: gma
L1844 !
azee DISF "UHANGE NO, . Mm, "Frinty arc no. point ne, Tedt entry. right ent
(8]
azie INEUT LT NS NS
ez FLeLEN NI ST
823 YIWLEN 8
. |74 IF ¥i+ & OR Y248 THEN
BRue DUTPUY Ty
8262 BEEP
[LFad 4 GIBP "You Dave entered a3 9o, with gigts L B oor 0 8. Press UONT &
try againg ’
st d PAUSE
a9 TUYPUY 25 ¥
808 GOTO 8498
axia END IF
o3 ¥atl-lietAropointeell~l;
Lo Naris$iKianl s
8340 Hoes® (/) whir g 3
o3=2 TiwvAL (N1 806,00 !
#4368 TisTi i@ }
4378 PieVAL NI BUA, S
asee Al mvid, (NISLT,3TS
859¢ C1iwTleMlsa@ealn
BARR Treufl (NrYle,8))
seia * Tratr/19 N
a84.0 MrowVAL (Ne BLA B
8430 Ar=vot (Ne$C1,3))
0440 CrreaTe «Mr o580 i ¢ 1609
|84te Glelsd
a4e8 Gi=2608
save Bgea1ea7
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w—e—

-y F - r
8488 IF ClisGg OR Crr.Gg THEN
845 DUTPLUT 230E
HU0Q BEEF
8u1Q DIGP ovOuUR READING EXUEEDS 749 DEG © Trv again Frave CUTONTIFRE »
ta contiie’)
BIUQ FAUSBE
/LD DUTFGT 237wy
8540 GATO geva
/IR END TP
HBred DratorsunBi(lll~Cres
L Mi=108
60 A Y ]
#ED MIwMyeMD
LY.L LF ARS iy afora-Miy N THEN
de1d BUTPOT Zite Ty
BAID FRINT USING BeaByYy 1
Bo 2 REEF
BH42 MAGE &/ . THE DIFFEFENCE BETWEEN (L & CR READINGS IN POINT » 2D
JtOOF THE GRC NO, 7,0
e84 FRINT UBING Bobddinn
Boed 1MAGE : I8 GREATER THON 2D, SEC '«
6@ FRINT USING 8480
2222 IMGGE ./ “Do vou want to continue the insertion of the data or to
FRciae this entry P70
BT DISF “frint ' to continue or < o rovise. "y
870e INPUT Paus
8712 IF PagHll, L1e"K" THEN
L2gs ] OUTPUY 2y "%y
L N ] BOTY B4R
avag ELHE
a7id IF Paosil 1 ]en0 THEN
ATed DUTPUT 257Ky
8772 BUTD BEze
8780 ELSE
879 GOTD 8619
[ END {F
a8, END IF
[ ] END IF
8023 QUTFUT REmp ¥ jHar: 88 iK)
a0 OUTFUT BEMp 12,k N B ix)
sene CUTPUT 237K
seed RELT Mo
2878 BOTO 6219
ees EL3E
Ll GOTO 7480

e END IF
B9 END IF

8970 REM- - ooe
asse

940

Q956 Ined

A%l . FOR [=2 TO drcnue

B8Y7¢ e Belib@

fod:13 By 60

8592 BhoeBebb

aue FOR lie] TO Arcpointest

I AT~ , 11 i=Bob-tot (1, 11) +Mot (1, 11D
Ly Jid IF A(I-1,11)Bbb THEN

e ALT-1,11)#ACT~1,11)-Bbb

rean 8OTO Y68
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vipe
93
Rl
“aid
800
AL
2442
45D
L2
nave
*ane
ATH
”oee
”ie
820

ELSE
s0T0 9050
END LE
SmeBmeAcl-f. 11
NEXT {4
Mesarc -1 «Ba/ Bropointssl)
]

MoiresleMesarc (110 /7609
Fractleptachoiresl-INT (Morrest)
Gii-iieMarrest-Fractiepta
Leptalefractieptasshd
Fractagfteteptal ~INT (Leptat:
Fil-lialeptal-Fractdest
EolvirsFractapdt +s@
TE GBI~ i 1@ INTHE (I 1118 =, 49 ThEN
Eel-trm/ INTAECT-1r01@ 010 /18
END LR
NEXT
FRINT USING 9249
IMAGE 3¢
IE Feest YHREN OUTRUT @Frt USImG 9240
FOR TaD TO Arenus
PRINT USING 9208:11,0 -1 Kif-13 Eil-y
IMAGE “OMIENTATION CORRECTION OF ARC NO, “,2D." = °,30,%,27.X,22.0.¢
IF Enpel YHEM DUTEUTY 8Pt UHTHE #0801, 0110 RL- 1 (€l
NERY |
FOR @i YD drcrue
FOR lisy TO Arcpotntss]
¥ Iwi THEN
Fagmo [, 1y i=mMot (], 1y
BOTO 9870
ELSE
GOTO #3199
END ¥
¥ Mot (1,00 Metil, 17 THEN
Redma (], [ »Bbb-Mesarc (]~ eMnt ol 11
IF Fedmo il 117 Bbb THEN
Redme i1, 11 »Redmot !, 1) ~Bli
EMD 1¥
ELSE
IF Mot (1,307 Moeil, 1) THEN
Redeo (1, Liyemot 1!, 111 -Heserc (1=t
1F Redms il 10140 THEN
Redmg (], 1i)»Bhoshedmo (1, 11}
EMD 1P
(3% 3 Mottt ireMot (1, 1h0
PRINT USING 9529
IMAGE “The exscution ot the progromme hae Deen stopped. CHEDK YOUR

ORTA FILE. You whould have started from snother point on the horiz, circie 1Y

R
FTA
I
560

IF Pnrat THEN GUTPUT 8Frt USING 9528
BOTO 1018
END ¥
END IF

9370 ™7 MoiresisRedmo (1,100 /1600

U FractieptasMoiresi-INT (Mofres)

=99 Ml I remairesi-Fractlepts

e Leptatefractlieptsesd

Ss10 Fractdeftwieptal~INT(Loptal)

*%.0 Ll lei =l mptal-Fractdeft

%30 Bl 1) Fractdeltesl
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dHAS PF (BT I e t@-INTA8 UL, 1) 018 ) 2w, 4% THEN
T IR RS ARSI AN TR S SRR AT RS ENET |

Ihed EHG 1F

T NEXT 1y

PR MEXT T
9ap  FOR [0 TO Arsous

*TRd FRINY UHING 97180

LAST ] TMAGE &7 8L por L84, CUbs pornt Y NN CREDULED MEAN YBLUE FOR ARD NGO. 0,
DO, s, e A e DA P B

aILY 1P Foral THEN QUTPLT @fv ¢ USIHG 97104 1

9vra FOF lisl TO Arcomintaed

¥ IF Liwt THEN

4rEd PRINT USING 9@ 8t pointd Point name® D3 MOl T L0, T8 B4, 1y
RTEY IMAGE T¥,Ta, 9%, 38, 178, T0, X, 32,0, 22.0

¥ IF Farsl THEN OUTPUT #Frt USING 976235t point$,Point names <y M1, 1
IS PUREIE FRTE- 15 JE I

THR €40 LF

wred IF Lt aND D Arcpointsel THEN

JER2A FRINT USING %810 Foint name®ilor MOD, Ted Lol 1 84001

M IMAGE 1IN, TAL LT, DL XL DN 22,0

R0 IF Prarel THEN OUTPUY &Fry UBING S810:Foint _name$ (i MIE T L6081y
WBil d

6D EnD 1F

A ¥ lisireposntay] THEN

FET PRINT GBING YEARIPoict name¥ i1 ™01, 10, L0, 100,86, 10

R d IMAGE 15X, T4, 170 XD, R, 02,0, 02D

"%’ IF Prrwl THEN OUTEUT 4Prt USING 9862:Point nases i1 M1, 10,000, 11,
Sl 1)

bl d END 1F

b A ] NEAT 1y

"0 NEXT |

PHLQ PRINT USING 9920

B IMAGE 1@, "Br pointT, e polnt” (JX UFINGL MEAN VBLUE Y, 0 0 e eemeaner 4x
-2 L

;Q!I IF Pnrst THEN OUTFUT #Pct USING 9900

AR FOR [iat TO Arcpointset

9959 FUOR 1=t 10 daronus

halll BméirneSmf ineRodnot], 13
L agd ] NEXY f
hadiid Finmman {11 s8afin/frorum

R adid ] Gmé i ne@

18009 Mo reelsFonsan (10 /3680

1812 FractleptasMosres!-INT (Moirest)

19828 AmtlirwMosiresi~Fractiepta

10838 LeptaisFractisptased

1840 Fractamételeoptel -INT (Laptal)

100"@ Rémilitoieptal-Fractdest

18868 Efmil  nFractiestecd

ipere I ESmT I o i@~ INT (Eémel12 01000 ) = 49 THEN

1 i Efmilism (INVIEFmiTa a1 @) 01 1@

10099 END 1F

18134, IF liml THEN

1B PRINT USING 181281588 point 8, Puint names 113, 06m (L) RfmiTi) Emils)
18120 IMAGE IY, 34,90, 30, 9%,5D, 0. 22,¢,32.0

e 1P Prrel THEN OUTPUT @Fr e USING 1212838t pointd Point _name$ (1{),06mi1s
Y REmil) Efmils

19148 END {F

10150 IF 1131 AND lidArcpointsel THEN

19168 FRINT USING 1Q1781Foint names il Ofmcli) REmii) Eémtlin
e IMAOK 15X, 34,90, 30 ,%,22,1,22.0
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19189 F Frirel THEN OUTPUT @P-¢ USIHG 1B1785Point named (i Dtmofy) Fémils).
Efmil)

18199 END (¥

1208 IF fivArcporatert THEN

1esie FRIMT UEING 10220 Fo1nt manslit) Dm il BEm Ly € 8m il
18008 PeaS3E 4WX G TAKE 00,00 %, 2200

19200 TE Prores) TEEN QUTPUT @t LDSING 18000 Peint named 1 dimi s (FEmtty s B
AECER R

JAcap ENDTF

1BTER NEALT [

TROHA wWalt

180 R IF Finmeanil) Fioamegni@ropoisteeti THEn

19089 Hor iy closaresABS (Finmean (Aropoiate i oF  naean
1909 Corcections MG Finmgan (e gpoyate el o Fainmean (1 Arcpoiots
1800 IF Finmeantl) Firnawan Aropointesl: THEN
18710 Fil Ief 10 Brrpotrtusl
18R 1F 1=t THEN
1 Bl af s nawan (1)
19248 GOTEG 16nea
H be<-] ELBE
A6 GATH 1PIB
187 ER0 ¥
h 1880 Batlie- G-ty elarrwoty o) vFinmean D)
1825 MEAT
‘ 10400 €188
e 19410 FUR J=1 YO Arcpointes]
1840 IF {=} THEN
% 1842 Fegs 11 wF nmmpan (11
18442 BOTO (840
. 1eare €L B
i L] WITO 10480
18avR END F
1980 Foiliwil-1 eCorrectiansFinmean )
18459 NEXT 1

19509 END O HF

19518 ELSE

18800 FOR I=1 7O drcpointesd

10339 ol ef nmesnil}

1WLAR NERT

185G END I

I8%6Q PRINT USING (@5 8iHoris tlosure

HRETR IMAGE %, THORIION CLOBURE ERROR (ewc ) w 07 6D 0 eoee - e
TSR0 1F Prret THEN QUYPUT @7t USTHE 1A% Moy o 2l owr e
1O%ER PRINT UBING (868 Corvect: on

1R [MAGE CTORRECTION {gec? = 0140, 0 - - - . - N
IB610 1F Ferst THEM JUTEUT 3P0 CSING TOB0: Torraction

TR FEINY GBI (06 TR

LB IMAGE L Cwewsmanst, AY, Tuaw LTE e saw e s
; TRSAB IF Fresl THEN GUTPUT 4Frt LI ]
* IRORF PRINT USIMNG 10480

146 (MAGE YRt porat” A%, "00s point”, M THEDUCED DBSERVATIONS /" venwewen® 4%

R L LT T R £ B S T T L
16670 IF Frret THEN DUTPUT #Frt USING 10640
1RLEA FOR I=1 TO Arcpuointes)

18690 Moiresisfo (i) /3680

1aree FractisptasMoiresi-INT (Mosirest!

HL EaT ) @Gielrwmoirest-Fractispte

18729 Leptal=fractinptacdd

18738 Fractdeite eptal-IMYiLeptail}
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19740 Riliwleptal-Fractdedt i
1R €l =Fractdestend

VBT HW WEOGECD 1@ INTHE (1 et e 89 THEN

i bt B wcINTCE DI wi@) w0 1

1@78g END IF

1a75y 1P {el THENM

13300 PROONT UBIME 1361015 pointE Point neme® ] U0t RO LE

1eea THAGE DX, TR TN TA L EBX, TD L XL 200, 22D

1) LF Prrst THEN OUTPLUT #f r USTHG 1@ 8Y posco® Point named ol 001 Fo

Iy €07

e Crey (¥
1OBd  IF 1 1 AND 1 Arcpoantse! THEN

128%.9 FRINT UBIMG 108 Foint namsek il G0 R €]
1086@ THAGE 1NE L TALLBY, TD, . ST, 000
18T LE Prew ) RN CUTPOT #F et USING (0803 Faint cmne¥ (1) 060 Ry B
1 o8B [ O
1OBFR IF lefrcpointecl THEN
19900 PRINT USING 195 181Fo1nt named 1, QD RoliE (]

N 19910 IMAGE 1NE LA TR DL X, D28, 0000

iy 1evle I# Feo ol THEN QUTPUT @t USING 18910 Point named (10 0010 Ry (B D)

- 19908 END IF

. 1AYAG NEXT |

‘\ 1R9%Y wWalt o

. 106 REM - e -
1AYTR REM

. ’ 1evER RER

F@VHFR FE Mmoo B e
113 REM OWVCULATE  OBEERVATIONAL  REBIDUALSE

& BIMIB BEM ittt chnr et r e sk e r e e et as
IRE S
11879

LISR PRINT uB . o
THMED IMBGE %707 L 0 it st e e
FIB&R IF Pursy THEN GUTPUY @Pvt UBING 11Q%Q

11073 PHINT USING 11000

110688 IMAGE 1 18X, COBSERVATIONML, RESTDUM.S lsec ",/ 18X, "sessvoasnunansnnuarnne
e

HIW9Q IF Proo=) THEN DUTPUT #Frt USING 11080

11100 Typsiaimand

1111@ Sis2

F112@ FUR 1wy TO Arenus

F1I3@ FOR Liwi YD Arcpointer!

11140 U, L wF nmean (11 ~Redmadl, L)
11158 TE UL T v TMEN
ii1e9 TE GUCD, T i@ INT QUG Tt 1)) =, 443 THEN
170 PARSRISE AR LRIV SR YRR AT IRSRRET )
11le0 ELBE
1ijve Vil o wiRT Ul i) 1@ /e
11209 END (¥
nne ELBE
- e 1F ABB Ul Lo @) - INTILET, Ly e1@1 #1)) vm, 44% THEN
11239 VAL Dy eINT L el @ s iR
11243 ELBE
11259 LARPREUE RS LIRIVND B8 FRR SV IS ST ]
11260 END 1¥
11270 END IF
112680 Biwgist
112ve (D RL- IR IS B S0
11386 OUTPUT GRes,.B1)UL (1)
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- -

[RBIT ) TyosfaimasTypefalmaril, 11 2

11308 TF Ac oomca® AND Arronintwsl’n® THEN

(R FoW Ty @ THEN

ERREL] FRINT WBING 143%0y Dot Wfmilsd (Rfmids e E¥fm (1) MY Ja Lo B2 80t
PR SRITAR R S

f1a IMAGE LI U B Dt e UTD R DL DI e R T X, T, 2
LBy w7 ELLD

1ile@ TF Porwt THER OUTPUT @Frt USING LIZE301, 10 OfmtTy) (Rimlis Edmif)
R TR R SR TR T O PR TS O PO

(RS- ELGE

11789 FRINT USIMG 1E09% 01, 1 O¥Fmels o Rémel o JEfmr Ty (MO vy Lo f, da sy 80
PESRINVER S PR

11209 MAGE LLE, U, DL D, T TR D, D, ST . N S -
PR TS N

11409 F Prred THEN QUTPUT @Frt USING L1090 0 10 Qfm(ls) Rémiy) (E4milys
AR AR N SRR AR PR RIS P )

1143 END F

FRE N EL5E

[RE N ] I Arcrgme =% AND Arrpointssl @ THEN

11449 Fovir 1 @ YHEN

114%2 FRINT USING 1460800 13 DfmiTa s (Rémdi) (Bfmilay oMoy Ts0 i1, 115 5
IS DR SRRV SN S

RIY) TMAUE V1X,CUCT D, Y, N, BDL DL KL LG - T, DL, 2T
2.0, = 0,800

11478 1P Bapwet THEN OUTPUT &Pr UBING 1136001 1 QFmils (REmcla) (Bimcl
R IS SRTNIES U ERIN 15 0 SRRV S £

11308 ELBF

11499 PRINT UBING 1150061, 10, 0fm(1a) RémiTi) JEFmilad MeT 0i0 el 0308
(239 SR RS PR Y]

it IMAGE 11X, 70", Do "L DD Y e RO DL 27 0 - XD AL 22X
+22.0,7 = U.X, 1.0

1is1e IF Prrel THEN DUTRUT 8Prt USING Lis00:T .1 OFmYs) (Rémili) E¥mt]
(R LS00 FRINAES SN FR IS T8 IUR SR ENYES N S0

1152¢ END IF

1139 €L 98

11%48 1F dremum 9 anND drepoints+s] =9 THEN

11558 IF Wer hi e @ THEN

11%@ PHINT UBING 1TTR: 1.1, 06mti1) FEmt T Efmila) MEY L T 008, T
TS US TR TR PR I

1157 TMAGE 110,700, 0D, " D07 o LD 2T X, 2200, - ML XL 3D K, 22
WJR,22.0,7 . 7,82.D

1inee IF Prrel YHEN GUTPUT 8Frt USING 11578: 1,10 Q4m ) (Rimcls) (Efm
[ASRIN TR SRUNIES IV SREE 150 SE SRINAS S B

i £1.8

11600 PRINT USING 1181811, 01 Gfm (1) RemiTyr (EfmCIiy M0l 5a) L 00, 1
P 2 PR TR IES S F R

$16id SMABE S, Ut TR TG D, Y e DL R 22,0, - R 30N, 22
LY 2 T8 TR S PP 8%

114638 IF Porsi THEN QUTFUT 8Prt USING (161851, 11 . Dfmilt)  RémiTi) Eém
[FISNLIANS RIS R IR IN 10 S SRIRAL IO SO

11430 END 1P

11640 ELSE

JRY. - IF Argnum:9 AND Arcpoints+] 9 THEN

11666 19 wil, o< @ THEN

11679 ERINT USING 116801 1,11 ,06mly) REMITE) EFmiled M1, 55 LAY, T
9,811, 003,vil, 1)

11688 IMAGE 11X, "W, 0D DD, ") » U 3D, X, 22, %,22.0," - X, 30,x
P 22,2,20 Y e 810

11499 IF Porel THEN QUTPUT @Frt UBING 1160031,01 ,0¢mils) Rém(1i) E
L IR SRIN. IS PR TR RNUL IS SR TSN SR L0 2% £ 8
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L1T0R
nre

[R

ELOE
EVINT USING 1170001, 1 . Q¢miT1d Remily) Edmily Ml vy Lt d

PE-R N SIS N R

1Mt

ERE PR VRO o] Y« ]

R N 3 b 2%

P S % 4

PRI 20D s xL LD

IR ]
fmita
11740
11758
11768
e
11789
11799

ERT: 1

T Py

NCTH

EMD HH

ENU EF
ERD O IF
END 1F
END 1F
HENT 13
.1

THEN DUTEUT @t

ISR S SN L L A TR

USING 1120811, 1 Ofm () Rémily) B

TI619 CONTROL #fes. iS50}
TIH2B Total «lronume threpointsel)

TIE%® OUTPUT #Tos . 1 Total

TIBAY PRINT USTNG 11650 Total

PIES IMARE T 11X UT0TAL NOL OF ORSERVATIONSL RESIDUMLE = ", 3D
P18 1F ol THEN QUTPUT 8Frt UBLGE 1 18%01 Toosl

g s

4 tArcpointasliisg

11870 TuonialmaeBukfopaéaloas Total
IR Mes or sfalmantoosfalme SR Total
1IB% PRINT USING 119085 Tepsialme

PIWRR IMAGE B/, 11X CHTANDARD DEVIATION OF « DIRECTION - sioma‘o) = ° X, 7,40,/
T191Q 1F Presl THEN SUTPLT @Prt UBING (1900: Tvouialma

TI9CQ BRINT USING 11930 Mo or sétalaa

1I93Q MAGE 111, "STANDARD DEVIATION OF THE MEAN - sioma (el » ", X.7.4D

THEN (RITPUT

ey LUBING

{195 Mes or _sialma

11D IF Pareg
TIVSR PRINT LS ING

119a@

TMAGE 8/, 088t sn st e asttae sttt rannctisssasostestne S0 0riivsascanassnenseene

11960
[T T TYT LY TYYT TR 35
11970 18 Prrel THEN DUTPUT @Prt UEING 11960
1ISHR DISE “Press (CONTINUE> to contimue’t
11999 FAUBE
12008 QuTHUY
1I018 REM-
12920 REM
12970 KEM

TIBAB RE Mo owm 40050 0

PR

12008
12050
aere
12008
10898
12100
12119
1130
1210
12140
12158
12168
12179

1216

121%@
12208
12218
1ezee
[Rsbeat ]
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ANITHER  RUN  N1TH  THE  SaME

REM
REM
.
DIGP "Do vou want ancther run with the same date 7
IHFUT Newr un®
IF Newrur®01,5 )= N" THEN
QUTPUT 21 ¥e™y
GOYO 172289
ELGE
IF Hewr un®{], 1 Jevy"
ERINTER (8 3
GOYR 1778
ELSE
GoTO
END LF
END IF
PRINY USING
IMaGE 10/,

LY/N) Y

THREN

1oa%e PMistaken wotev - Yoy aagn

.

Eall

1F YOU wWaNT anNDTHER RUN YU MUST PREBS (RN, /7,

Ploass weit™
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wiilt 4
Gzt Doy
fE M

S

2]

e

N L L R e T T T A

FEM AREANRERNRN AR AR T TSR YY

(a3 E RN N S TRV L S A

FEM BN RN NN BUBNNANNRNRNN S

EEM NBARAAR RN KRN RA RN R ARG ER RGO NIR NN N RN NN R RN R AU AR RO AR ARG e

REMe s cmn e e R Rk R K G A 5 R G R R B R B 8

2T NE P i g

Upotel g

FRINT UB TG 1, AT O
MG Ll N
FRint oSinG 10478
el 1A%, CPLEASE EMTER TRE FOLLDWING DATA JSING T DIGITE FOR DEGREES, "
TR MG | D 49E

[MAGE 1@a, 0 DIGITE FOR MINGTES
BRERT GEING 08

IMaGE L, The somber GRUBGRe1 cepresents D degrees. 8 min & sl seus,
ERINY uSirG 1007

IMAGE L@, That 1, toe sRConds arw alwars repr ssented Dy oone desimel "
1UNAR FEINT GBING 102N

Lo IMAGE L%, Cween F trae am gweo, w0 J7 8 seronds.

10%6@ PRINT UBING 10572

12%7R IMAGE e . - . e e e e
PG RETLSN

A

1THMY REM SRRANT s IR RS VEAN S
1i618

e e P P RN
Ponl@ REM

PI6AB REM

TETD B E TIN5 0 w0 w0 0800 e R R N R N T R I W R R e
Pdeed REM CLOBE  FATHE

TIETR REM L. PR e e ey
168

[IBSA ACT 0N Wet TU e

1Rl ASRIG: #ap TO

TR ABGION WEep 10 T0 e

LITIR ANBION @Path TO e

ﬁ 278 ASSIGH Stdow TO e

LD QIGITE FOR BECONDS, FOF EXAPPLE o

12740 ANSION Sar TO s

V27N RESION #Fim TG e

27 RESIGN BB bers TO
12770 ASBIGN #Rws 1O w

12700 ABEION #Top TO e

10798 MASE STORAGE 18 Msuw 09
1I0O@ M- oo - - T
12819

126828 END
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APPENDIX G. "HI_DI_TEST" PROGRAM

G.1 REQUIRED BACKGROUND

The "HI_DI_TEST" program runs with BASIC 2.0 and BASIC 2.1 WITH
EXTENSIONS (provided, that there is memory of ~786 Kbytes, othe
erwise the user should decrease the size of the matrices which
are specified at the beginning of the program), or only with BASIC
2.0, Alsc, this has been tested on a HP-9B16 mini computer using
a HP-9121 double disk drive. In addition, a HP-9872B plotter with
four different celour pens has been used to plot the histograms

and distributions.

This program can accept up to a maximum number of 2000 residuals
(provided the memory is ~786 kbytes). The data files for this
program are the sighth and ninth files of the "THED" program,

which are connected by the following patys (see Appendix F):

File®+ Res

File®s Top

Wwith "HI_DI_TEST" program, the user has the possibility to run
either each set separately, or any combinations of the sets which
have already been created by the "THEO” program. Also, there is
flexibility to generate the histograms of the residuals in any
desired class intervals. A wenu is provided so that the user can

select any of the following distributions:

i Normal {Gauss)
{i. Truncated Normal (95%)
iii. Truncated Normal (97.5%)
iv Truncated Normai (99%)

v. loverse Gaussian
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After plotting the histograms, the Chi-Sguare test with the pre-
determined class intervals (equal intervals) is carried out on
the specific distribution. [f one cell has a theoretical fre-
quency less than 5, this is merged with the adjacent cell so that
a theoretical frequercy 25 is achieved. 1f this minimum theore-
tical frequency is not achieved the two previous cells are merged
with the following successive cell, and so forth. At the end of
the Chi-Square test, there is an automatic comparison between the
X and the X? (for 3%

Observed frequency Thearetical frequency
significance level Jccording to the Table A2 in Appendix A). Based

on the comparison, the program indicates the acceptance or re-

jection of the tested distribution.

Finally, a plot which shows the differences between the observed
and the rheorstical values of the selecred distribution is

available.

The results of this computer program may be ohtiined on the screen
only, or directed to both the printer and the screen at the same
time. Plots of the histograms, distributions and differences be~
tween actual and theoretical values may, therefore, be obtained

on the screen, or on the plotter.

G.2 SPECIFIC INFORMATION

i) Histograns: The class interval {s chosen by the user. The line
-

(x axis) is divided into cells xl€x2<. X .<xsg s0 that S+1 intervals

are created. That is:
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o For Normal distribution:

o = 300k
I LITE 7Y

Yooy = Trgoqxg)
Iy = [xg.*30)

° For Truncated Normal distribution:

Iy = Gaux)
L= dxpexy)

gy = [xgopong)
IS = (xs,+g)

W
= £1.960 (95%), ¢ = *2.2464 {97.5%) or

e o= 22,576 {99%)

] For Inverse Geussian distribution:

—t

= (*0.05,x1)
Il = [xl.xz)

’ i
r* . - Toog = Ixgpoxg)

Te = [xs,+30)

For the case of Novmal and lnverse (Gaussian distributions, the
lower and upper limit should have been (-w,+w) instead of
(=30,+30), and (0,+=) instead of (0,+30), respectively. However,
this does not change the results since the limits -30, +30 are

much bigger than the residuals (the largest of them does not ex-
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e i

et

e

cred the value of 3".8). In the case of the Inverse Gaussian
distyibution, for practical reasons the integration starts from
the value of +0.05%, since this distribution [see formula (4.43)]

is not defined for values less than or egual to zero.

it} Numerical integration: Numerical integration has been used to
calculate the area under the p.d.f. curve. Epecifically, since
certain limits have boen given, an approximate integration over

a finite interval has been developed.

Simpson's rule which is by far the most frequently used in ob-
taining 4approximate integrals has been considered. Some basic

information for Simpsou's rule is given below (Bakopoulos, 1979):

Suppose that the integration will take place for a certain prob-
ability density functijon f(x) betweaen the lower a and upper b

limits. Simpson's approximation is:

b p-a |
j fixidx =
a

fla) + &€({a+b) 23+ £(b) (A1)
6 i

However, %impson's rule is most freguently applied in its aex-
tended ov compound {orm. The interval [a,b] is divided ‘ato a
number of equal sub-intervals or panels and Simpson's rule is
applied to each. In order to describe the final resulr, jt is
conveniant to employ a somewhat diffe-ent notation than that of

{A.1y. Let:

be a sequence of equally spaced points in [a,b]:

X, = x, = h R i=0,...,n"] (A.2)

Set fiﬂf(xﬁ). Then, the compound Simpson's rule is:
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*2n

Jx

4

)

flxddx = (/1) ’ fo + A(f1+f3¢. .*fﬂn_l
L

* u(fZ*fé*"“fln-Z)‘fﬂn * Eu (A3

The remainder En 15 given by:

o ht
ey, a<f <b (A.4)
90

1f N designates the even number of sub-divisions (as it has been
designed in this program) of {a,b), the N=2n and h=(b-a)/N, so

that:

th-a?
Box s ——— Y aegcn (4.5
180 N*

Chi-5quare goodness-of-fit test: This test has been programmed
according to the formula and methods outlined in chapters 5 and
6.

G.3 FURTHER INFORMATION

Some of the most important variables will be cited below:

L {5000} : This matrix contains the residuals of a spe-

cific set which has already been calculated
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by the "THEQ" program. These residuals dre
obtained by the FileS8of "THEO" program
using the path "Res',

Res. 1 (5000} : This matrix contdins residuals of the com -
bination of several sets, which have been
created by the previous program.

Res (5000) ¢ This matrix includes the rounded off resi -
duals of the combination of several arcs,
which have been created by the previous
program.

Th fr e{500) ¢ It contains the theoretical frequencies of
the selected distribution,

Obs  fr on{300) : It contains the observed frequencies values
of the selected distribution,

Thofr_ e _tel(50G) : It contains the summed values for the theo ~
retical frequencies, when there is one or
more cells with theoretical frequencies less
than 5.

Dbs. fron tel(500) : It contains the summed values for the chser-
ved frequencies, when there is one or more
cells with theoretical frequencies less
than 5,

Test_x. 2 tel(100) : This contains separately each term of the
Chi-Square test

AL20) ¢ It contains the values of the Table AZ of

the Appendix A for the 5% significance level.

The flow chart of the "HI_ DI TEST" program is given below and the

print out of this program is also provided
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G.4 FLOW CHART

M"‘l

) E—

INPUT DATA
(Residuals calculated by "THEO")

2

Use of SCREEN or SCREEN & PRINTER mgecharj

3

CHOICE OF THE CLASS KNTERVALJ

4

1
CLASSIFICATION OF THE RESIDUALS *

h . .
5.1 5.2 5.3
\
NORMAL TRUNCATED NORMAL INVERSE GAUSSIAN \
N
e . T e
6
e o,
/[/)Hmmn;; N
< Theor. « Acxggz:>~-wv~~-w _— -(::)
g ?

~ -
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DIFFERENCE BETWEEN THEORETICAL AND ACTUAL
DISTRIBUTIONS

e \
_~~"Any other - Y
<;\Qstribxxtionx P ~M~®
7 -
\““«u

-

ny other ¥
o > (5)
7 /
10

END
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NORMAL

l[ﬂstimmmn of its parameters u, © ]

Mc&m;mt ;}" . R
L
Y

Calculation of MOMENTS

rw_.__ S ——

1
{ CHI-SQUARE GOODNESS-OF-FIT TEST Jk

1
4

(PLU’I‘TING of Normal distribution }
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?“w T T

NN

TRUNCATED NORMAL E

I | .

i TRUNCATED (95%) { TRUNCATED (97.5%) TRUNCATED (99%)

{ ]

{Esnimatmn of {ts parameters u, ¢ ]

i —

{ Specification of the truncation poims»!

Homent~, N
Y 3
Calculation of MOMENTS ]

W

.
(CHI-SQUARE GOODNESE-OF-FIT TEST 1

[ PLOTTING of the Truncated Normal distribuuonJ

e ~—

? =
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